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ABSTRACT 


Objective:  This  study  compared  the  properties  of  color  stability  and  surface 
roughness  of  demineralized  enamel  treated  with  resin  infiltration  (ICON)  or  with 
casein  phosphopeptide-amorphous  calcium  phosphate  (Ml  Paste,  CPP-ACP). 
Methods:  Fifty  human  enamel  blocks  (4x4  mm2)  were  prepared.  Each  block  was 
treated  with  1M  HCI  (pH  1.5)  solution  for  2  minutes  to  create  an  accelerated  surface 
mineral  loss  and  randomly  assigned  into  five  groups  (n  =  10):  Group  1  (Control)  was 
untreated  and  stored  in  saliva,  Group  2  was  treated  with  ICON  per  manufacturer 
instructions  and  stored  in  saliva,  Group  3  was  treated  with  CPP-ACP  for  3-5  minutes 
daily  for  one  month  and  stored  in  saliva,  Group  4  was  treated  with  ICON  per 
manufacturer  instructions  and  stored  in  water,  Group  5  was  treated  with  CPP-ACP 
for  3-5  minutes  daily  for  one  month  and  stored  in  100%  humidity.  Specimens 
immersed  in  saliva  were  stored  at  37°C.  The  facial  surface  profilometry  of  each 
block  was  measured  at  baseline  and  immediately  after  surface  mineral  loss, 
immediately  after  surface  treatment,  and  at  days  3  and  30  using  a  non-contact 
profilometer  (Proscan-2000,  Scantron,  UK).  The  assessment  of  color  was 
performed  by  a  spectrophotometer  (VITA  Easyshade®  Compact,  Vident,  Brea,  CA, 
USA).  For  all  groups,  color  measurements  were  made  at  baseline  for  each  group, 
immediately  after  surface  mineral  loss  and  at  days  3  and  30.  Each  of  the  surface 
measurements  was  performed  three  times,  and  a  mean  calculated.  The  means  and 
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standard  deviations  of  surface  roughness  (Ra),  surface  waviness  (Sm),  changes  in 
luminance  (Delta  L*),  and  changes  in  Sm  (Delta  Sm)  were  analyzed  by  one-way 
analysis  of  variance  (ANOVA,  alpha  =  0.05),  and  the  Tukey-Kramer  multiple 
comparison  procedure  was  used  for  post  hoc  comparisons.  Results:  Significant 
differences  were  seen  in  Delta  L*,  Sm,  and  Delta  Sm  (see  Figures  1,  3,  and  4 
respectively).  Significant  changes  were  observed  in  surface  roughness  for  the 
Group-4  (ICON-Water),  but  surface  treatments  did  not  provide  the  expected  results 
of  returning  the  Ra  values  to  baseline  values  for  Group  2,  3,  and  5  (see  Figure  2). 
Conclusion:  The  results  of  this  study  do  not  provide  conclusive  evidence  that  the 
standard  of  care  for  enamel  demineralization  and  potential  remineralization  should 
shift  towards  the  application  of  ICON  or  Ml  Paste™  /  Plus™  technologies. 
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I. 


BACKGROUND  AND  LITERATURE  REVIEW 


A.  Caries 

Epidemiology 

Today,  dental  caries  remains  one  of  the  most  common  chronic  diseases  throughout 
the  world.  If  left  untreated,  caries  can  lead  to  pain  and  infection  causing  dental 
emergencies  that  can  significantly  affect  an  individual’s  quality  of  life.  According  to  a 
recent  national  survey,  approximately  16%  of  children,  ages  6-19  years,  and  23%  of 
adults,  ages  20-64  years,  have  untreated  dental  caries  (Health,  United  States: 
2010,  Table  93).  Even  though  Americans  of  all  ages  have  been  gradually  improving 
their  oral  health  over  the  past  decade,  dental  caries  continues  to  be  the  most 
prevalent  oral  disease  in  several  Asian  and  Latin  American  countries  (Petersen  et  al 
2005).  Great  strides  have  been  made  to  describe  the  underlying  etiology  of  dental 
caries.  However,  there  is  still  much  that  is  unknown.  Thus,  a  necessary  first  step  in 
preventing  dental  caries  is  to  understand  its  multifaceted  nature. 

Definition  and  Biofilm-Dependent  Process 

Dental  caries  is  a  biofilm-dependent  oral  disease,  and  its  commencement  relies  on 
the  complex  interactions  between  different  species  of  aerobic  and  anaerobic 
microorganisms  and  the  host.  Under  the  right  circumstances  oral  microbes  have  the 
ability  to  colonize  by  adhering  to  teeth.  They  produce  copious  amounts  of  acidic 
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byproducts  to  evade  the  host  immune  system  and  continue  to  thrive  in  a  low  pH 
environment.  The  specific  pathogenic  species  of  dental  caries  are  streptococcus 
mutans  and  lactobacilli  acidophilus.  These  bacteria  produce  lactic,  acetic,  formic 
and  propionic  acids,  which  have  been  shown  to  readily  dissolve  enamel  and  dentinal 
tissues  (Featherstone  et  al  1 981 , 2000).  The  current  theory  suggests  that  the  caries 
process  is  initiated  in  the  presence  of  a  cariogenic  biofilm  or  dental  plaque 
(Fejerskov  et  al  1990,  Manji  et  al  1991,  Fejerskov  et  al  1994).  Shortly  after  tooth 
eruption  or  cleansing,  surfaces  of  teeth  become  coated  with  an  acellular  organic  film. 
This  conditioned  film  or  pellicle  is  formed  mainly  from  salivary  glycoproteins, 
proteins,  food,  gingival  crevicular  fluid,  or  blood.  Biofilm  initiates  with  the  attachment 
of  planktonic  microorganisms  to  the  surface  of  the  pellicle  via  weak,  long-range 
physicochemical  forces  (Wimpenny  1994).  These  pioneer  species  multiply  and 
produce  an  extracellular  polymeric  matrix,  which  acts  as  a  reservoir  for  diffusing 
molecules,  enzymes,  and  proteins  and  allows  the  emerging  biofilm  community  to 
develop  into  a  complex,  three-dimensional  structure.  The  bacteria  within  the  biofilm 
respond  collectively  through  quorum  sensing  and  express  factors  leading  to  the 
maturation  of  a  polysaccharide  matrix  (Hojo  et  al  2009).  When  frequent  sucrose 
consumption  becomes  a  routine  diet,  the  fermentable  carbohydrates  induce  a  lower 
overall  oral  pH  (5.5  or  below)  and  trigger  a  shift  in  the  balance  of  resident  plaque 
microflora  to  a  more  cariogenic  state  (Stephan  1944).  Thus,  this  acidic  biofilm  is 
responsible  for  the  biochemical  and  physiological  changes  in  dental  hard  tissues. 
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White  Spot  Lesions 

Most  dental  caries  begin  with  formation  of  a  white  spot  lesion.  White  spot  or 
incipient  (noncavitated)  lesions  represent  an  imbalance  of  mineral  exchanges 
between  the  tooth  and  the  surrounding  environment  creating  an  osmotic  gradient 
which  drives  undersaturation  and  supersaturation  conditions  with  respect  to  the 
enamel  hydroxyapatite  crystals.  Although  enamel  crystals  under  normal  physiology 
regularly  go  through  natural  periods  of  demineralization  and  remineralization, 
undersaturation  occurs  mainly  under  acidic  conditions  created  by  the  resident 
cariogenic  microflora  as  explained  earlier.  For  example,  the  hydrogen  ions,  which 
are  produced  by  the  metabolic  activity  of  the  covering  biofilms  in  the  presence  of 
fermentable  carbohydrates,  dissolve  calcium  and  phosphate  into  the  surrounding 
aqueous  phase  (LeGeros  1991,  Nelson  1982,  1983,  1984).  After  a  period  of  time 
and  with  normal  salivary  flow,  minerals  are  released  from  saliva,  biofilm,  and  the 
tooth  surface  itself  in  response  to  the  differential  osmotic  gradient  resulting  in  a 
supersaturation  condition  (LeGeros  et  al  1968,  1991).  During  this  period  of 
supersaturation  minerals  can  remineralize  partially  demineralized  enamel  crystals 
and  is  the  body’s  natural  process  for  repairing  noncavitated  incipient  lesions 
(LeGeros  1 991 ,  Nelson  et  al  1 982,  1 983,  1 984).  It  is  important  to  realize  that  pH  is  a 
strong  determinant  for  balancing  the  osmotic  gradient,  but  other  factors  such  as  the 
concentration  of  calcium  and  phosphate  ions,  the  total  ionic  strength  of  the  plaque 
fluid,  and  fluxes  of  enzymes  and  proteins  play  an  equally  key  role  in  mitigating  the 
process  of  demineralization  and  remineralization  (Margolis  et  al.,  1994).  White  spot 
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lesions  are  clinical  signs  portraying  incipient  caries  in  the  stage  of  initiation  or  being 
arrested.  Their  surface  coloration  is  a  response  to  light  scattering  in  response  to 
varying  degrees  of  demineralization  and  remineralization.  Most  chalky  surfaces  of  a 
white  spot  lesion  characterize  significant  loss  of  translucency  as  a  result  of  acids 
diffusing  through  the  demineralized  enamel  from  the  overlaying  biofiims 
(Featherstone  1999,  2000,  2004).  Cycles  of  demineralization  and  remineralization 
continue  in  the  mouth  as  long  as  there  are  cariogenic  bacteria,  fermentable 
carbohydrates  and  saliva  present. 

B.  Minimally  Invasive  Dentistry 

Clinical  decision-making  for  caries  management  depends  on  the  multiplicity  of 
factors  that  influence  dental  caries.  Besides  diagnostic  acumen,  recognizing  risk 
factors  like  past  and  current  caries  experience,  oral  microbial  prevalence,  salivary 
status,  medical  history,  and  one  or  more  social,  behavioral,  and  demographic 
characteristics  are  keys  to  planning  successful  preventive  strategies  and  appropriate 
treatment  modalities.  For  decades,  the  treatment  philosophy  behind  restorative 
dentistry  has  remained  largely  unchanged.  Flowever,  echoing  similar  trends  in 
medicine  there  is  increasing  interest  in  minimal  tissue  removal,  risk  assessment,  and 
early  detection  and  prevention.  As  advances  in  dental  research  continue  and  our 
growing  understanding  of  the  caries  process  grows  there  is  a  revolutionary  urge  for 
material  novelties  and  for  a  shift  in  the  treatment  paradigm.  G.  V.  Black’s  teachings 
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of  extension  for  prevention  have  given  way  to  the  present  day  mantra  of  minimum 
intervention.  Minimally  invasive  dentistry  is  defined  as  “a  systematic  respect  for  the 
original  tissue”  (White  et  al  2000,  Ericson  et  al  2003).  The  intention  of  this  approach 
is  to  base  patient  treatments  on  a  combined  use  of  clinical  expertise,  technical 
competence,  and  current  best  regenerative-medicine  evidence. 

In  clinical  practice  the  ultimate  goal  of  caries  management  by  operative  dentistry  is 
to  restore  dental  health  including  the  restoration  of  form,  function,  phonetics, 
esthetics,  and  occlusal  stability.  Despite  the  success  of  the  traditional  surgical 
model  for  treating  cavitated  lesions,  the  medical  model  extends  the  longevity  of 
noncavitated  carious  teeth.  The  tenets  of  this  philosophy  are  to  preserve  intact  tooth 
structure  reducing  trauma  to  the  pulp  tissue,  and  to  decrease  risk  for  future  recurrent 
caries  by  promoting  oral  wellness  (White  et  al  2000,  Ericson  et  al  2003).  The 
medical  model  focuses  on  methods  to  arrest  or  reverse  the  non-cavitated  lesion  and 
on  eliminating  the  bacterial  risk  factors  through  counseling  on  dietary  practices,  tooth 
brushing,  and  topical  application  of  antibacterial  agents.  The  most  commonly  used 
topical  agent  for  battling  dental  caries  is  fluoride.  Other  commonly  used 
chemotherapeutic  agents  include  chlorhexidine,  povidine  iodine,  and  tricolsan 
(Matthijs  S  et  al  2002,  Du  MQ  et  al  2008,  Milgrom  P  et  al  2009,  Ly  KA  et  al  2008, 
Berkowitz  RJ  et  al  2009,  Lopez  L  et  al  2002,  Lopez  L  et  al  2009,  Yee  R  et  al  2009). 
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The  ability  of  fluoride  to  inhibit  and  reverse  the  initiation  and  progression  of  dental 
caries  is  well  documented  (Curry  et  al  2004,  Ellwood  et  al  2008,  Fejerskov  et  al 
1996).  As  cariogenic  bacteria  metabolize  carbohydrates  and  produce  acid,  the 
presence  of  fluoride  ions  enhances  remineralization  by  making  the  tooth  surface  less 
soluble  (Casals  et  al  2007,  Curry  et  al  2004,  Fejerskov  et  al  1996,  ten  Cate  1999). 
Consequently,  the  fluoride  ions  attract  calcium  and  phosphate  ions  and  further  drive 
the  partially  demineralized  crystal  surface  to  a  new  supersaturated  state.  The 
partially  dissolved  enamel  crystals  interact  with  fluoride  ions  which  enable 
remineralization.  When  the  enamel  surface  crystal  composition  is  chemically 
integrated  with  fluoride,  hydroxyapatite  fluorapatite  reduces  the  critical  pH  for 
mineral  dissolution  during  demineralization. 

Minimal  intervention  is  a  key  phrase  in  today's  dental  practice.  Minimal  intervention 
dentistry  (MID)  focuses  on  the  least  invasive  treatment  possible  as  a  means  of 
minimizing  tissue  loss  and  patient  discomfort.  Concentrating  mainly  on  prevention 
and  early  intervention  of  caries,  MID's  first  basic  principle  is  the  remineralization  of 
early  carious  lesions,  advocating  a  biological  or  therapeutic  approach  rather  than  the 
traditional  surgical  approach  for  early  surface  lesions.  One  of  the  key  elements  of  a 
biological  approach  is  the  usage  and  application  of  remineralizing  agents  to  tooth 
structure  (enamel  and  dentin  lesions).  These  agents  are  part  of  a  new  era  in 
dentistry  aimed  at  controlling  the  demineralization/  remineralization  cycle  depending 
upon  the  microenvironment  of  the  tooth.  The  remineralizing  properties  of  saliva  can 
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be  enhanced  using  materials  which  release  biologically  available  calcium,  phosphate 
and  fluoride  ions  (Rao  et  al  2011). 


C.  Casein  Phosphopeptide  -  Amorphous  Calcium  Phosphate  (CPP-ACP) 

In  the  oral  environment,  tooth  structure  undergoes  continuous  demineralization  and 
remineralization  (Featherstone  et  al  2004).  If  this  balance  is  disrupted, 
demineralization  will  progress  leading  to  a  deterioration  of  the  tooth  structure.  Milk 
and  milk-related  products  such  as  cheese  have  been  shown  to  have  anticariogenic 
properties  in  human  and  animal  models  (Reynolds  et  al  1981,  Rosen  et  al  1984). 
According  to  past  research,  the  mechanism  of  this  action  is  due  to  a  direct  chemical 
effect  from  phosphoprotein  casein  and  calcium  phosphate  components  of  the 
cheese  (Krobicka  et  al  1987,  Harper  et  al  1986).  Casein  phosphopeptides  (CPP) 
have  the  ability  to  stabilize  calcium  phosphate  in  solution  through  binding 
amorphous  calcium  phosphate  (ACP)  with  their  multiple  phosphoserine  residues. 
This  allows  the  formation  of  small  CPP-ACP  clusters.  These  CPP-ACP  clusters  act 
as  a  calcium  and  phosphate  reservoir  that  binds  to  dental  plaque  and  tooth  surfaces. 
Upon  acid  challenge,  the  attached  CPP-ACP  releases  calcium  and  phosphate  ions 
maintaining  a  supersaturated  mineral  environment  thereby  reducing 
demineralization  and  enhancing  remineralization  (Reynolds  et  al  2003,  Manton  et  al 
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2008).  It  has  been  shown  that  enamel  remineralized  by  CPP-ACP  is  relatively  more 
acid-resistant  than  normal  tooth  enamel  (Cai  et  al  2007,  lijima  et  al  2004). 

Calcium  and  phosphate  ions  have  been  proposed  as  necessary  adjuncts  in  the 
remineralization  process  to  supplement  the  use  of  fluoride  (Reynolds  2009).  Found 
in  saliva,  calcium  and  phosphate  are  the  building  blocks  of  remineralization.  The 
variability  between  individuals  with  respect  to  salivary  glands  and  secretion  rates 
means  that  the  degree  of  saturation  of  these  ions  is  not  equal  per  individual.  The 
dissolution  and  precipitation  of  tooth  minerals  depends  on  the  pH  and  the 
concentration  of  ions  in  the  fluid  phase  surrounding  the  tooth  structures  (ten  Cate 
2004). 

Calcium  phosphate  remineralization  technology  has  now  been  developed  based  on 
casein  phosphopeptide-amorphous  calcium  phosphate  (CPP-ACP)  [RecaldentTM 
CASRN691 364-49-5],  where  it  is  claimed  that  the  CPP  stabilizes  high 
concentrations  of  calcium  and  phosphate  ions  together  with  fluoride  ions  at  the  tooth 
surface  by  binding  to  pellicle  and  plaque.  Although  the  calcium,  phosphate,  and 
fluoride  ions  are  stabilized  by  the  CPP  from  promoting  dental  calculus,  the  ions  are 
freely  bioavailable  to  diffuse  down  concentration  gradients  into  enamel  subsurface 
lesions,  thereby  effectively  promoting  remineralization  in  vivo  (Reynolds  2009).  CPP 
containing  the  active  sequence  -Ser(P)-Ser(P)-Ser(P)-Glu-Glu-  has  a  remarkable 
ability  to  stabilize  calcium  and  phosphate  as  nanoclusters  of  ions  in  a  metastable 
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solution  (Cochrane,  2008).  Through  the  active  sequence,  CPP  binds  to  forming 
nanoclusters  of  calcium  and  phosphate  ions  to  form  nanocomplexes  of  about  a  1 .5 
nm  radius,  preventing  the  growth  of  the  nanoclusters  to  the  critical  size  required  for 
nucleation  and  phase  transformation.  This  prevents  the  crystals  from  growing  to 
critical  size  and  precipitating  out  of  solution  (Reynolds  1998).  The  remineralization 
process  is  enhanced  by  the  biologically  active  amorphous  calcium  phosphate,  which 
is  able  to  release  calcium  and  phosphate.  It  has  been  shown  in  vitro  that  CPP-ACP 
was  effective  in  the  remineralization  of  carious  lesions  (Reynolds  1997, 
Featherstone  et  al  2007,  Hicks  et  al  2006).  The  disadvantage  to  CPP-ACP  is  the 
need  for  repeated  applications. 


D.  ICON 

Recently,  a  new  “infiltration”  approach  to  target  incipient  caries  has  been 
introduced.  According  to  the  manufacturer,  caries  infiltration  (ICON)  has  been 
proposed  as  a  means  to  arrest  intermediary  lesions  in  one  visit  with  no 
mechanical  preparation  or  anesthesia.  The  penetration  and  arrest  of  artificial 
lesions  by  dental  adhesives  and  fissure  sealants  has  been  investigated  in  several 
laboratory  studies  (Rodda  1983,  Donly  et  al  1992,  Robinson  et  al  2001,  Gray  et 
al  2002,  Schmidlin  et  al  2004,  Meyer-Lueckel  et  al  2008;  Paris  et  al,  2006). 
However,  dental  sealants  and  adhesives  are  not  optimized  for  high  penetrability 
and  therefore  only  showed  superficial  penetration  into  natural  enamel  lesions 
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(Paris  et  al  2007).  Special  resins,  optimized  for  rapid  capillary  penetration,  so- 
called  infiltrants,  penetrate  significantly  deeper  (Meyer-Lueckel  et  al  2008).  The 
highest  penetration  coefficients  have  been  found  for  mixtures  containing 
tetraethyleneglycol  di methacrylate  (TEGDMA),  2-hydroxyethyl  methacrylate 
(HEMA)  and  20%  ethanol  (Meyer-Lueckel  et  al  2008).  Infiltrant  has  been  shown 
to  have  a  high  penetration  coefficient  enabling  it  to  be  drawn  deep  within  the 
pores  of  a  lesion.  Filling  the  lesion  will  reportedly  arrest  the  caries  progression 
(Kugel  et  al  2009).  It  has  been  proposed  that  the  theory  of  tooth  surfaces  being 
intact  adjacent  to  carious  lesions,  especially  interproximal  lesions,  is  false  and 
that  these  surfaces  are,  in  fact,  not  intact  (Kielbasa  et  al  2006).  Therefore,  it  is 
necessary  to  penetrate  these  “pseudo-intact”  surface  layers  to  reach  the  areas 
that  the  infiltrant  can  effectively  wall  off.  With  the  infiltration  technique,  a  diffusion 
barrier  is  formed  in  the  inner  parts  of  the  lesion  and  the  affected  surface  is 
restored  with  resin  material.  Commonly  used  in  this  technique  is  15%  HCI. 
Etching  with  phosphoric  acid  affected  only  the  outermost  25  pm  of  the  surface 
(Paris  et  al  2007).  However,  superficial  phosphoric  acid  etching  causes  the 
caries  lesion  to  extend  into  the  deeper  enamel  layers.  Consequently,  cavitation 
may  occur  in  the  future.  The  penetration  depth  of  15%  HCI  etching  is  more  than 
twice  (58  pm)  that  of  phosphoric  acid,  enabling  penetration  into  the  deepest  part 
of  the  lesion  and  eliminating  the  decalcified  areas,  preventing  further  attacks 
(Meyer-Lueckel  2007).  A  rubber  dam  is  necessary  with  all  applications,  because 
15%  HCI  produces  soft  tissue  ulceration  within  30  seconds  (Croll  et  al  1990). 
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Several  studies  have  reported  that  120  seconds  is  the  optimum  etching  time 
(Paris  et  al  2010,  Croll  et  al  1986).  The  primers  and  resin  materials  used  contain 
solvents,  such  as  ethanol,  which  increase  the  surface  tension  of  enamel, 
enabling  rapid  penetration  of  resins  into  the  lesions,  increasing  the  adhesion 
strength  (Meyer-Lueckel  et  al  2006,  Martignon  et  al  2006). 
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II.  OBJECTIVES 


A.  Objective  Overview 


The  purpose  of  this  study  is  to  compare  the  remineralization  of  artificial  white  spot 
lesions  with  Ml  paste  by  GC  to  the  infiltration  of  the  lesions  with  ICON  by  DMG. 
Both  products  are  marketed  to  target  incipient  caries  by  reducing  the  opaqueness  of 
white  spot  lesions.  Although  numerous  options  such  as  fluoride  application, 
sealants,  chlorhexidine  rinse,  or  xylitol  usage  exist  for  early  caries  progression, 
treating  the  lesions  with  ICON  reportedly  offers  a  technique  of  stopping  the  diffusion 
of  bacteria  and  restoring  the  natural  tooth  shade  without  drilling  or  sacrificing  healthy 
tooth  structure  (Ardu  et  al  2007).  This  study  is  primarily  focused  on  the  variables  of 
color  stability  and  surface  morphology.  By  evaluating  surface  parameters  like 
roughness,  waviness,  change  in  color  between  light  and  dark  which  will  be  known  as 
change  in  luminance  (Delta  L*),  and  change  in  peak  spacing  average  which  will  be 
known  as  change  in  surface  waviness  (Delta  Sm),  this  study  will  quantitatively 
examine  how  resin  infiltrant  or  Ml  paste  can  stabilize  incipient  lesions  on  teeth  with 
accelerated  surface  mineral  loss.  The  results  should  provide  basic  information  to 
clinicians  who  use  Ml  paste  or  ICON  as  to  whether  or  not  these  novel  materials  can 
arrest  incipient  lesions  and  are  indicated  as  options  for  treating  early  lesions.  The 
outcome  of  this  study  may  also  clarify  whether  or  not  caries  infiltration  can  effectively 
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mask  demineralization  and  blend  the  treated  lesions  to  their  surrounding  natural 
enamel. 


B.  Specific  Hypotheses 

This  study  tested  two  specific  null  hypotheses  as  follows: 

1)  There  is  no  significant  difference  in  color  stability  of  enamel  blocks  whose 
surfaces  are  modified  to  simulate  accelerated  mineral  loss  when  treated  with  resin 
infiltration  or  Ml  paste. 

2)  There  is  no  significant  difference  in  surface  morphology  of  enamel  blocks 
whose  surfaces  are  modified  to  simulate  accelerated  mineral  loss  when  treated  with 
resin  infiltration  or  Ml  paste. 

This  study  tested  four  alternative  hypotheses  as  follows: 

1)  ICON  has  a  greater  ability  to  restore  the  color  of  an  enamel  block  with 
accelerated  mineral  loss  to  its  original  color  than  Ml  paste. 

2)  ICON  has  greater  ability  to  restore  the  surface  morphology  of  an  enamel 
block  with  accelerated  mineral  loss  to  its  original  surface  morphology  than  Ml  paste. 

3)  Ml  paste  has  greater  ability  to  restore  the  color  of  an  enamel  block  with 
accelerated  mineral  loss  to  its  original  color  than  ICON. 

4)  Ml  paste  has  greater  ability  to  restore  the  surface  morphology  of  an  enamel 
block  with  accelerated  mineral  loss  to  its  original  surface  morphology  than  ICON. 
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III.  MATERIALS  AND  METHODS 


A.  Experimental  Design  Overview 


The  materials  used  in  this  experiment  were  ICON  by  DMG  America  and  MIP  paste 
by  GC  Corporation  (see  Table  1). 


A  total  of  five  groups  were  created  (see  Table  2).  Ten  enamel  blocks  (~  4  mm  x  4 
mm)  were  prepared  per  group  resulting  in  50  total  specimens.  Each  block  was 
treated  with  1M  HCI  (pH  1.5)  solution  for  2  minutes  to  create  an  accelerated  surface 
mineral  loss  and  randomly  assigned  into  the  five  groups  (n  =  10):  Group  1  (Control) 
was  untreated  and  stored  in  saliva,  Group  2  was  treated  with  ICON  per 
manufacturer  instructions  and  stored  in  saliva,  Group  3  was  treated  with  Ml  paste  for 
3-5  minutes  daily  for  one  month  and  stored  in  saliva,  Group  4  was  treated  with  ICON 
per  manufacturer  instructions  and  stored  in  water,  Group  5  was  treated  with  Ml 
paste  for  3-5  minutes  daily  for  one  month  and  stored  in  100%  humidity.  The 
baseline  of  color  and  surface  profilometry  of  each  block  pre  and  post  treatment  were 
collected. 
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B.  Experimental  Design 


Enamel  Block  Preparation: 

Twenty-five  extracted  human  third  molars  were  stored  in  0.5%  chloramine  T  and 
used  within  6  months  following  extraction.  The  facial  and  lingual  surfaces  were 
sectioned  with  a  diamond  disc  to  prepare  fifty  enamel  blocks  (~  4  mm  x  4  mm).  Ten 
enamel  blocks  were  randomly  assigned  to  each  group.  The  enamel  blocks  were 
polished  using  fine  pumice  to  remove  adherent  pellicle  which  could  form  a  barrier  to 
acid  attack  then  brushed  under  running  water  and  allowed  to  dry.  The  blocks  were 
immersed  for  2  minutes  in  1M  hydrochloric  acid  solution  at  25QC  to  create  an 
accelerated  surface  mineral  loss.  After  lesion  formation,  all  the  specimens  were 
rinsed  with  distilled  water  and  immediately  used  for  different  surface  treatments. 

ICON  and  Ml  paste  Treatments: 

Please  refer  to  table  1  for  details  of  the  materials  used  and  table  2  for  the  study 
groups  and  the  treatments  administered  for  each  group.  Enamel  blocks  in  Group  1 
served  as  control  and  receive  no  surface  treatment  after  accelerated  surface  mineral 
loss.  Specimens  in  Group  2  and  Group  4  were  restored  with  ICON  according  to  the 
manufacturer’s  instructions.  The  main  difference  in  these  groups  is  that  Group  2  is 
stored  in  artificial  saliva  then  placed  in  a  lab  oven  (#20GC,  H&C  Thermal  Systems, 
Columbia,  MD)  at  37°C  and  Group  4  is  stored  in  distilled  water  at  37°C.  The  storage 
medium  for  both  groups  was  changed  daily  and  each  group  was  kept  in  the  lab  oven 
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for  the  duration  of  the  consecutive  30  day  period.  For  ICON  application,  the  smooth 
surface  tip  was  applied  to  the  ICON-etch  syringe,  and  the  etchant  was  applied  and 
allowed  to  set  for  2  minutes.  The  etchant  was  rinsed  for  30  seconds.  The 
application  cannula  was  screwed  onto  the  Icon-dry  syringe,  half  the  syringe  was 
applied  and  allowed  to  stand  for  30  seconds  before  drying  with  an  air-water  syringe. 
A  smooth-surface  tip  was  screwed  onto  the  ICON-infiltrate  syringe.  The  infiltrant 
was  applied  and  allowed  to  set  for  3  minutes.  The  excess  material  was  removed 
with  a  cotton  roll  and  was  light  cured  for  40  seconds.  A  new  smooth-surface  tip  was 
screwed  onto  the  syringe,  and  the  infiltrant  was  applied  a  second  time  using  the 
same  sequence  of  steps  and  was  allowed  to  set  for  1  minute  and  light  cured  for  40 
seconds. 

For  specimens  in  Group  3  and  Group  5,  0.05  mL  of  Ml  paste  was  injected  onto  the 
surface  of  the  enamel  using  a  1-mL  syringe  (Luer-Lok,  BD,  Franklin  Lakes,  NJ)  with 
a  20-gauge  needle.  A  micro-brush  was  used  to  evenly  paint  the  Ml  paste  over  the 
top  facial  surface  of  each  enamel  block.  For  Group  3,  the  specimens  painted  with 
Ml  paste  were  placed  in  a  lab  oven  at  37 °C  and  95±5%  relative  humidity  for  5 
minutes.  After  five  minutes,  the  specimens  were  placed  into  artificial  saliva  in  the  lab 
oven.  After  30  minutes  of  submersion,  the  Ml  Paste  was  rinsed  off  using  30ml  of 
distilled  water  for  15  seconds.  The  specimens  were  placed  back  into  the  lab  oven  in 
artificial  saliva.  The  artificial  saliva  was  changed  daily.  The  procedure  was  repeated 
daily  for  30  consecutive  days.  The  enamel  specimens  were  kept  in  the  lab  oven 
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throughout  the  duration  of  the  experiment  and  were  removed  only  for  Ml  paste 
application  and  rinsing  procedures. 

For  Group  5,  the  specimens  painted  with  Ml  paste  were  placed  in  the  lab  oven  at 
37°C  and  95±5%  relative  humidity  for  5  minutes.  After  30  minutes,  the  Ml  paste  was 
rinsed  off  using  30ml  of  distilled  water  for  15  seconds.  The  specimens  were  placed 
back  into  the  lab  oven  at  37°C  and  95±5%  relative  humidity.  It  is  important  to  note 
the  difference  here  in  comparison  to  Group  3  which  was  stored  in  a  solution  of 
artificial  saliva.  The  procedure  was  repeated  daily  for  30  consecutive  days.  The 
enamel  specimens  were  kept  in  the  lab  oven  throughout  the  duration  of  the 
experiment  and  were  removed  only  for  Ml  paste  application  and  rinsing  procedures. 

Baseline  color  and  surface  profilometry  measurements  were  made  for  all  50  enamel 
blocks.  The  facial  surface  of  each  block  was  measured  at  baseline,  immediately 
after  accelerated  demineralization  and  after  3  and  30  days  of  storage  for  color 
stability  and  surface  morphologies. 

The  artificial  saliva  was  prepared  according  to  the  formulation  of  ElSayad  et  al  and 
consisted  of  0.4  g  NaCI,  0.4  g  KCI,  0.6  g  CaCI2,  0.6  g  NaH2P04, 4  g  urea,  4  g  Mucin, 
0.0016  g  Na2S,  0.0016  g  Mg2P207,  and  1  L  distilled  water  at  oral  temperature  at 
37 °C  (ElSayad  et  al  2009). 
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Color  Stability: 

Color  was  measured  using  a  spectrophotometer  (VITA  Easyshade,  Vident,  Brea, 
CA)  set  to  the  CIELAB  color-notation  system.  Specimens  were  rinsed  with  distilled 
water.  Three  measurements  were  made  per  specimen.  The  spectrophotometer 
provided  Commission  Internationale  de  I'Eclairage  (CIE)  color  space  values  for 
lightness  (L*),  green-red  (a*)  and  blue-yellow  (b*).  Changes  in  L*  were  calculated 
between  baseline  and  30  days  post-treatment.  A  mean  Delta  L*  and  standard 
deviation  were  determined  per  group. 

Surface  Profilometry: 

The  specimens  were  evaluated  using  a  non-contact,  optical  profilometer  (ProScan 
2000,  Scantron,  Taunton,  UK).  Surface  parameters  roughness  and  waviness  were 
evaluated.  Specimens  were  demarcated  with  reference  marks  to  allow  triangulation 
and  realignment  to  allow  surface  profile  determination  using  analysis  software  (Pro 
Form,  Scantron).  Changes  in  Sm  were  calculated  between  baseline  and  30  days 
post-treatment.  Mean  values  for  Ra,  Sm,  and  Delta  Sm  and  their  respective 
standard  deviation  were  determined  per  group. 
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Table  1 :  Study  Materials 


Material 

Name 

Type 

Manufacturer 

Composition 

ICON 

Resin 

Infiltrant 

DMG, 

Englewood, 
NJ,  USA 

Infiltrant: 

Triethyl 

ene- 

Glycol- 

Dimeth 

acrylate 

-Based 

Resin 

Etch:  15%  HCI, 
Water, 
Pyrogenic 
Silica, 
Tenside, 
Pigments 

Dry:  Ethanol 

Ml 

Paste™ 

Recaldent™ 

(CPP-ACP) 

GC  America, 
Alsip,  IL,  USA 

Water,  Glycerol, 
CPP-ACP,  D- 
Sorbitol,  CMC- 
Na,  Propylene 
Glycol,  Silicon 
Dioxide,  Titanium 
Dioxide,  Xylitol, 
Phosphoric  Acid, 
Zinc  Oxide, 

Sodium 

Saccharin,  Ethyl 

P- 

Hydroxybenzoate, 

Magnesium 

Oxide,  Guar 

Gum,  Propyl  p- 
Hydroxybenzoate, 
Butyl  p- 

Hydroxybenzoate 
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Table  2:  Study  Groupings 


Groups 

50 

Enamel 

Blocks 

(4x4 

mm2) 

T  reatment 

Storage 

Medium 

Baseline 

Evaluation 

Demineralization 

Surface 

Evaluation 

(3  Days  and 

30  Days) 

1 

(Control- 

Saliva) 

None 

Saliva 

2 

(ICON- 

Saliva) 

ICON 

Saliva 

Creation  of 

3 

(MIP- 

Saliva) 

Ml  Paste 

(CCP- 

ACP) 

Saliva 

Color  and 
surface 
profilometry 
measurements 

accelerated 
surface  mineral 
loss  using  1 M 

HCI  (pH  1.5)  for  2 
minutes 

Color  and 
surface 
profilometry 
measurements 

4 

(ICON- 

Water) 

ICON 

Water 

5 

(MIP- 

Humidity) 

Ml  Paste 

CCP-ACP 

1 00% 
Humidity 
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C.  Statistical  Management  of  Data 

The  means  and  standard  deviations  of  Ra,  Sm,  Delta  L*,  and  Delta  Sm 
were  tabulated  for  each  group  and  analyzed  by  one-way  analysis  of 
variance  (ANOVA,  alpha  =  0.05).  The  Tukey-Kramer  multiple 
comparison  procedure  was  used  for  post  hoc  comparisons. 
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IV.  RESULTS 


Significant  differences  in  Delta  L*  over  30  days  were  found  between  the  groups 
(p<0.05).  Groups  2,  3,  and  4  returned  to  baseline  values  over  30  days.  Groups  1 
and  5  did  not  return  to  the  baseline  values  over  the  30  days  (see  Figure  1). 

Significant  changes  were  observed  in  Ra  (p<0.05).  The  average  Ra  values  for 
Group  1,  3,  and  5  after  demineralization  were  less  than  the  average  baseline  Ra 
values  prior  to  demineralization  and  never  returned  to  the  baseline  values  over  the 
30  days.  There  was  no  significant  change  in  group  2.  Group  4  values  were  less 
than  baseline  values  after  demineralization  then  rose  above  baseline  values  after  30 
days  (see  Figure  2). 

Significant  changes  occurred  with  Sm  amongst  the  groups  (p<0.05).  Groups  2,  3, 
and  4  returned  to  baseline  values.  Group  5  did  not  show  a  significant  change 
following  Ml  paste  treatment  (see  Figure  3). 


Significant  changes  occurred  in  delta  Sm  over  the  30  days  (p<0.05).  Groups  1,  2, 
and  3  followed  a  deceasing  pattern  of  change.  Groups  2,  3,  and  4  also  followed  a 
similar  pattern  of  change  as  did  groups  1  and  5.  The  correlation  in  delta  Sm 
between  the  groups  is  observable  (see  figure  4)  and  will  be  discussed  further. 


22 


Figure  1 


Figure  2 


Surface  Roughness  (Ra) 

14 


Ra(um) 


Group  1  (Control-Saliva)  Group  2  (ICON-Saliva)  Group  3  (MIP-Saliva)  Group4(ICON-Water)  Group  5  (MIP-Humidity) 


■  Baseline 

■  HCI(IM) 

■  3  Days 

■  30  Days 
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Figure  3 


firm  in  1  ffinntrnl-.Salival  firm  in  2  (ICON-Salival  firm  in  3  (MlP-Salival  firm  in  A  (ICON-Watari  firm  in  S  (MIP-Hnmiriitvl 


Figure  4 
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V. 


DISCUSSION 


Color  Discussion: 

The  first  null  hypothesis  was  rejected.  There  was  a  significant  difference  in  color 
stability  of  enamel  blocks  whose  surfaces  were  modified  to  simulate  accelerated 
mineral  loss  when  treated  with  resin  infiltration  or  MIP  paste.  Since  ICON  has  a 
greater  ability  to  restore  the  color  of  an  enamel  block  treated  with  accelerated 

mineral  loss  to  its  original  color  than  Ml  paste  regardless  of  the  storage  medium,  the 

first  alternative  hypothesis  was  not  rejected.  In  addition  Ml  paste  did  not  show  a 

greater  ability  to  restore  the  color  of  an  enamel  block  treated  with  accelerated 

mineral  loss  to  its  original  color  than  ICON.  The  third  alternative  hypothesis  was 
rejected. 

In  this  study,  the  CIE  system  was  applied  to  characterize  the  enamel  colors.  Three 
parameters  were  used  to  map  the  enamel  photometric  properties:  a  luminance  (L*) 
and  two  color  coordinates  (a*  and  b*)  which  specified  the  point  on  the  chromaticity. 
The  L*  value  measured  the  luminous  intensity  that  was  emitted  or  reflected  from  an 
enamel  block  and  ranged  from  0  (black)  to  100  (white).  The  luminance  of  an  enamel 
block  depends  on  the  internal  materials  characteristics  and  surface  morphology.  For 
example,  like  past  studies,  we  noted  that  the  L*  parameter  best  characterized  the 
surface  behavior  of  demineralization  (Torres  et  al  2011).  Since  carious  lesions 
undergo  changes  in  mineral  density,  crystal  size,  and  enamel  prism  orientation,  the 
deep  porosities  that  were  formed  from  demineralization  beneath  the  non-cavitated 
surface  readily  altered  the  optical  scattering  property.  Unlike  sound  enamel  in  which 
the  luminance  (L*)  was  lowered  owing  to  a  lower  number  of  photons  entering 
beyond  the  enamel  to  generate  backscattering  from  the  underlying  enamel  prisms, 
unhealthy  hydroxyapatite  with  accelerated  mineral  loss  impinged  and  scattered  light 
as  photons  exited  the  surface  in  random  directions  (Ko  et  al  2000).  The  result  was  a 
diffuse  spectra  leading  to  a  higher  L*  value  and  the  appearances  of  a  chalky  white 
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spot.  Further,  it  has  been  verified  that  the  L*  value  showed  an  increase  after 
demineralization  (Oikarinen  et  al  1994). 

By  analyzing  delta  L*  values,  we  found  significant  differences  in  optical  contrast 
between  our  experimental  groups.  Group  1  and  Group  5  showed  significant  delta  L* 
change  and  did  not  recover  to  the  baseline  color  over  the  30-day  period.  From  our 
earlier  discussion  regarding  diffuse  reflection,  the  delta  L*  value  for  Group  1  was 
supposed  to  produce  a  positive  change  indicating  a  rise  in  whiteness,  an  outcome  of 
the  random  scattering  of  light  paths  due  to  demineralization.  Although  the  whiteness 
color  was  immediately  observed  after  1  molar  HCI  application  and  after  soaking  in 
saliva  for  30  days,  a  significant  negative  change  in  delta  L*  value  (staining)  was 
observed.  We  suspected  the  non-sterile  artificial  saliva  could  have  contributed  to 
the  decreasing  delta  L*  values.  Because  the  surface  was  microscopically  eroded  by 
a  strong  acid,  the  defective  hydroxylapatites  were  perhaps  more  susceptible  to 
collect  microbes  from  the  non-sterile  artificial  saliva  solution.  As  previously 
demonstrated  by  (Hosoya  et  al  2003),  after  bleaching,  the  enamel  surface  was 
vulnerable  to  adhesion  of  Streptococcus  mutans.  The  Ml  paste  treated  enamel 
blocks  in  Group  3  were  also  soaked  in  saliva,  but  we  hypothesized  that  the 
antimicrobial  ingredients  of  Ml  paste  such  as  titanium  dioxide  and  xylitol  might 
impede  microbial  growths  in  the  non-sterile  artificial  saliva  solution. 

Furthermore,  the  difference  in  delta  L*  values  between  Group  1 ,  Group  3,  and  Group 
5  might  be  linked  to  the  bathing  media  used  for  saturating  each  group.  Numerous 
studies  have  supported  the  use  of  Ml  paste  to  treat  a  demineralized  tooth  surface 
and  have  shown  that  Ml  paste  in  saliva  could  act  as  a  calcium  phosphate  reservoir 
(Reynolds  et  al  1995,  1997,  1987,  1998).  We  suspected  that  for  Group  5,  the  100% 
humidity  medium  did  not  offer  the  proper  saturating  conditions  for  encouraging  CPP 
to  stabilize  calcium  phosphate  and  to  form  small  CPP-ACP  clusters.  For 
remineralization  to  occur,  the  100%  humidity  medium  had  to  preserve  a 
supersaturated  mineral  environment  that  acted  as  a  calcium  and  phosphate 
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reservoir.  Without  the  molarity  difference  between  demineralized  enamel  and  the 
supersaturated  reservoir,  the  osmotic  gradient  could  not  be  readily  created  to  force 
demineralization  to  remineralization  (ten  Cate  2001).  However,  to  date,  no  study 
has  shown  a  positive  increase  in  delta  L*  value  after  Ml  paste  application  or  a 
correlation  between  enamel  surface  color  after  successful  MIP  therapy  with 
remineralization. 

Groups  2  and  4  indicated  that  resin  infiltration  was  effective  in  returning  the  color  of 
demineralized  tooth  to  its  original  color.  In  a  similar  study,  treatment  with  ICON  was 
compared  to  fluoride  therapy,  and  ICON  was  able  to  mask  the  white  spot  lesions  by 
infiltration  into  the  porously  demineralized  hydroxyapatite  structures  (Torres  et  al 
2011).  According  to  Paris  et  al  (2009),  the  porosities  within  the  non-cavitated 
lesions  were  infiltrated  with  resin  instead  of  water  and  air.  Since  resin  was  reported 
to  have  a  refractive  index  that  was  similar  to  enamel  than  water  or  air,  the  difference 
between  resin-infiltrated  porosities  and  enamel  refractive  indices  were  minimized. 
The  affected  lesions  regained  translucency  and  appeared  similar  to  the  surrounding 
enamel  (Paris  et  al  2009;  Peters  et  al  201 0). 

Surface  Topography  Discussion: 

The  second  null  hypothesis  was  rejected.  Our  experiment  has  demonstrated  that 
there  is  a  significant  difference  in  surface  morphology  of  enamel  blocks  whose 
surfaces  are  modified  to  simulate  accelerated  mineral  loss  when  treated  with  resin 
infiltration  or  Ml  paste.  Since  ICON  has  a  greater  ability  to  restore  the  surface  of  an 
enamel  block  treated  with  accelerated  mineral  loss  to  its  original  morphology  than  Ml 
paste  regardless  of  the  storage  medium,  the  second  alternative  hypothesis  was  not 
rejected.  In  addition,  Ml  paste  did  not  show  a  greater  ability  to  restore  the  surface  of 
an  enamel  block  treated  with  accelerated  mineral  loss  to  its  original  morphology  than 
ICON.  The  fourth  alternative  hypothesis  was  rejected. 
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In  this  study,  topography  of  the  enamel  surface  played  an  important  role  in 
determining  the  responses  for  de-  and  re-mineralization.  One  of  the  most  important 
topographic  properties  was  surface  roughness  (Ra).  Ra  was  defined  as  closely 
spaced  irregularities,  protuberances,  or  ridges;  and,  average  Ra  was  the  arithmetic 
average  of  the  absolute  values  of  the  roughness  profile  ordinates.  The  average  Ra 
provided  good  overall  description  of  height  variations  but  was  not  a  good 
discriminator  for  different  types  of  surfaces.  No  distinction  could  be  made  between 
peaks  and  valleys.  Another  parameter,  the  mean  spacing  of  adjacent  local  peaks 
(Sm)  or  waviness  was  applied  to  measure  the  highest  part  of  the  profile  calculated 
between  two  adjacent  minima.  Ra  and  Sm  values  assessed  the  surface  profiles  for 
deviations  which  could  indirectly  influence  the  amount  of  light  scattering  and  color 
stability.  However,  Ra  and  Sm  parameters  contained  no  information  about  the  rate 
of  wear  and  the  potential  of  a  surface  to  retain  fluids  or  to  absorb  substances.  By 
analyzing  the  Ra  and  Sm  values,  we  found  significant  differences  in  surface  profiles 
between  our  experimental  groups.  Furthermore,  our  data  indicated  a  correlation 
between  the  waviness  parameter  and  color  stability. 

Typically,  Ra  was  reported  since  this  value  plays  an  important  role  in  determining 
how  a  surface  will  interact  with  abrasion,  attrition,  and  erosion.  Past  studies  have 
shown  that  after  acid  etching  or  bleaching,  a  significant  increase  of  enamel  Ra  was 
observed  (Hosoya  et  al  2003;  Barkmeier  et  al  2009).  In  this  study,  a  significant 
increase  in  Ra  after  etching  was  not  observed  for  Group  2,  4,  and  5,  but  a  significant 
decrease  in  Ra  after  Ml  paste  therapy  was  observed  for  Group  3  and  5. 
Furthermore,  no  significant  increase  in  Ra  between  before  and  after  ICON  therapy 
was  noted  for  Group  2  and  4.  Conceptually,  the  purpose  of  ICON  was  to  infiltrate 
into  the  porous  body  of  a  non-cavitated  incipient  lesion,  thereby  arresting  the  lesion 
and  returning  the  surface  morphologies  like  roughness  and  waviness  characteristics 
back  to  normal.  Because  we  were  unable  to  produce  a  significant  Ra  difference 
between  sound  enamel  and  acid-challenged  enamel,  our  Ra  data  failed  to  predict 
the  efficacy  of  ICON  on  demineralized  enamel  surfaces.  However,  our  result  has 
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directly  demonstrated  that  the  roughness  of  an  unpolished  ICON  layer  was 
significantly  similar  to  the  roughness  of  an  enamel  surface  with  and  without  the 
presence  of  acidic  abuses.  Our  results  for  group  2  and  4  were  similar  to  a  recent 
study  that  has  also  found  no  significant  differences  in  Ra  values  between  before  and 
after  application  of  ICON  to  sound  enamel  surfaces  (Taher  et  al  2011).  Also, 
Burgess  and  Cakir  (2010)  measured  the  Ra  values  of  four  groups  (sound  enamel, 
polished  resin-infiltrated  enamel,  resin-infiltrated  enamel,  and  carious  enamel)  and 
concluded  that  no  significant  differences  in  Ra  were  found  between  the 
aforementioned  four  groups. 

One  limitation  of  this  study  involved  the  ability  to  image  surface  topography 
accurately.  Significant  quantification  of  surface  characteristics  like  Ra  and  Sm 
depended  on  the  lateral  spatial  resolution  of  the  profilometer’s  chromatic  pen. 
Lateral  spatial  resolution  was  defined  as  the  ability  of  a  system  to  distinguish 
significantly  between  two  closely  adjacent  surface  points.  For  our  chromatic  pen 
(CL-MG  20  16/2.5,  STIL,  France),  the  smallest  spatial  interval  that  can  be 
reproduced  was  approximately  seven  micrometers.  Ra  was  considered  to  be  the 
high  frequency,  short  wavelength  component  of  a  measured  surface.  The 
wavelength  of  Ra  was  considerably  less  than  our  lateral  spatial  resolution  and  our 
system  could  not  discern  true  signals  from  the  ambient  noises,  leading  to  a  poor 
signal-to-noise  ratio.  However,  using  the  same  profilometer  (ProScan  2000), 
Barkmeier  et  al  (2009)  have  reported  that  the  human  enamel  Ra  values  after  acidic 
etching  were  in  the  range  of  0.1  -  0.5  micrometer,  and  Burgess  and  Cakir  (2010) 
have  reported  that  the  healthy  human  enamel  Ra  values  were  in  the  range  of  40  - 
50  micrometers.  This  wide  range  of  enamel  Ra  values  could  be  related  to  the 
different  chromatic  pens  that  were  used  in  each  of  the  two  previous  studies. 
Furthermore,  a  cut-off  filter  of  0.25  mm  was  applied  in  the  Barkmeier  et  al  (2009) 
study,  but  a  cut-off  filter  of  0.08  mm  was  used  in  the  Burgess  and  Cakir  (2010) 
study.  According  to  the  International  Organization  for  Standardization,  the  cut-off 
filter  has  a  huge  impact  on  the  measurement  of  Ra  and  Sm,  and  selecting  a  small 
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cut-off  filter  would  result  in  a  small  roughness  values.  For  future  study,  we 
recommended  a  profilometer  with  a  lateral  spatial  resolution  in  the  range  of  10  -  500 
nanometers. 

By  analyzing  Sm  values,  we  found  significant  differences  in  surface  waviness 
between  our  experimental  groups.  In  our  study,  the  Sm  values  for  groups  2,  3,  4 
rose  significantly  after  demineralization  and  returned  to  near  the  baseline  value  after 
30  days.  The  Sm  values  in  groups  1  and  5  rose  significantly  following 
demineralization  but  did  not  return  to  their  baseline  values.  This  trend  would  be 
expected  for  the  control  group  with  no  treatment.  Groups  2  and  4  intuitively  returned 
to  baseline  because  ICON  infiltrated  into  the  porous  body  of  the  non-cavitated 
incipient  lesion  and  arrested  the  lesion  returning  the  surface  morphologies  back  to 
normal.  It  is  suspected  that  Group  3  returned  to  baseline  because  the  Ml  paste  in 
saliva  acts  as  a  calcium  phosphate  reservoir,  buffering  the  free  calcium  and 
phosphate  ion  activities,  thereby  helping  to  maintain  a  state  of  supersaturation  with 
respect  to  tooth  mineral,  depressing  enamel  demineralization,  and  enhancing 
remineralization  (Reynolds  1995,  1997,  1987,  1998).  This  may  also  explain  why 
group  5  did  not  return  to  baseline  because  the  medium  it  was  stored  in  did  not 
support  the  minerals  necessary  to  promote  remineralization  (Reynolds  1997).  Since 
luminosity  of  a  material  depends  highly  on  the  reflectivity  or  characteristics  of  the 
material  surface,  a  correlation  between  delta  L*  and  delta  Sm  was  suspected. 
Groups  2,  3,  and  4  all  changed  significantly  after  etching  and  returned  to  the 
baseline  value  after  treatment  when  observed  for  30  days.  Groups  1  and  5  did  not 
return  to  baseline  over  the  30  day  period.  This  suspected  correlation  has  to  do  with 
the  relationship  between  luminosity  and  surface  characteristics.  The  rougher  that  a 
material  surface  is  means  it  will  be  less  reflective.  In  our  case,  it  appears  that  groups 
1  and  5  may  be  rougher  with  the  result  that  they  are  less  reflective  in  comparison  to 
the  other  groups. 
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Since  the  Ra  values  in  this  study  were  inconclusive,  for  future  studies,  the  following 
changes  could  be  considered  to  remedy  the  problems  that  were  encountered.  One, 
problems  with  the  ProScan’s  inability  to  distinguish  spatial  intervals  lesser  than  7 
microns  could  be  possibly  resolved  by  using  an  atomic  force  microscopy  or  a  newer 
3D  optical  device  like  the  Contour  GT,  which  could  accommodate  submicron 
resolutions.  Furthermore,  the  questionable  reliability  and  accuracy  to  measure 
surface  profiles  were  complicated  by  the  frequent  breakdowns  of  the  ProScan. 
Second,  our  initial  intent  for  using  a  mild  (lactic)  acid  did  not  generate  a  clinically 
representative  white  spot  lesion  due  to  repeated  fungal  contamination  that  rendered 
our  lactic  acid  solution  unusable.  Finally,  without  another  comparable  substitute,  the 
strong  acid  used  for  demineralization  eroded  the  enamel  surface  much  more  rapidly 
and  aggressively  than  simply  creating  a  white  spot  lesion. 
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VI.  CONCLUSION 


The  results  of  the  present  study  do  not  provide  conclusive  evidence  that  the 
standard  of  care  for  enamel  demineralization  and  potential  remineralization  should 
shift  towards  the  application  of  ICON  or  Ml  Paste™  /  Plus™  technologies,  even 
though  significant  differences  in  Delta  L*  and  Sm  values  between  ICON  treated 
group  and  control  group  were  noted.  Unfortunately,  the  values  for  surface 
roughness  were  inconclusive;  thereby,  rendering  obscurity  to  make  a  clinical 
recommendation. 
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VII.  Appendix 


Change  in  Surface  Waviness  Change  in  Luminance 


Delta  Sm 

Delta  L 

1 

C-S 

83.864 

1 

C-S 

-1.7 

2 

C-S 

13.915 

2 

C-S 

-2.0 

3 

C-S 

20.571 

3 

C-S 

-2.6 

4 

C-S 

94.788 

4 

C-S 

0.2 

5 

C-S 

10.001 

5 

C-S 

-2.3 

6 

C-S 

27.664 

6 

C-S 

1.9 

7 

C-S 

23.984 

7 

C-S 

-5.1 

8 

C-S 

33.686 

C-S  Ave 

37.323 

8 

C-S 

-5.5 

9 

C-S 

27.435 

C-S  St  dev 

30.466 

9 

C-S 

-16.0 

C-S  Ave 

-3.4 

1 

ICON-S 

-44.087 

10 

C-S 

-0.7 

C-S  Stdev 

5.0 

2 

ICON-S 

28.642 

1 

ICON-S 

3 

ICON-S 

14.362 

2 

ICON-S 

2.3 

4 

ICON-S 

73.386 

3 

ICON-S 

3.0 

5 

ICON-S 

19.597 

4 

ICON-S 

0.4 

6 

ICON-S 

-42.426 

5 

ICON-S 

2.7 

7 

ICON-S 

6.587 

ICON-S  Ave 

10.733 

6 

ICON-S 

-1.4 

8 

ICON-S 

29.804 

ICON-S  St  dev 

38.822 

7 

ICON-S 

-1.1 

1 

ICON-W 

-30.961 

8 

ICON-S 

-2.1 

2 

ICON-W 

0.162 

9 

ICON-S 

3.1 

ICON-S  Ave 

-0.2 

3 

ICON-W 

-72.890 

10 

ICON-S 

-7.1 

ICON-S  Stdev 

3.2 

4 

ICON-W 

9.308 

1 

ICON-W 

3.9 

5 

ICON-W 

-17.647 

2 

ICON-W 

-0.1 

6 

ICON-W 

42.255 

3 

ICON-W 

0.1 
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7 

ICON-W 

-1.735 

4 

ICON-W 

-0.9 

8 

ICON-W 

-11.520 

5 

ICON-W 

4.9 

9 

ICON-W 

-20.997 

ICON-W  Ave 

-12.095 

6 

ICON-W 

-2.2 

10 

ICON-W 

-16.922 

ICON-W  Stdev 

29.543 

7 

ICON-W 

-6.4 

1 

MIP-S 

-5.288 

8 

ICON-W 

1.4 

2 

MIP-S 

2.077 

9 

ICON-W 

-3.7 

ICON-W  Ave 

-0.5 

3 

MIP-S 

16.447 

10 

ICON-W 

-1.5 

ICON-W  Stdev 

3.4 

4 

MIP-S 

15.250 

1 

MIP-S 

1.4 

5 

MIP-S 

23.013 

2 

MIP-S 

1.2 

6 

MIP-S 

32.877 

3 

MIP-S 

2.2 

7 

MIP-S 

23.301 

4 

MIP-S 

-5.3 

8 

MIP-S 

36.833 

5 

MIP-S 

-2.7 

9 

MIP-S 

-22.405 

MIP-S  Ave 

14.439 

6 

MIP-S 

2.9 

10 

MIP-S 

22.289 

MIP-S  Stdev 

18.133 

7 

MIP-S 

0.4 

1 

MIP-W 

41.77 

8 

MIP-S 

-0.8 

2 

MIP-W 

58.958 

9 

MIP-S 

MIP-S  Ave 

0.1 

3 

MIP-W 

58.162 

10 

MIP-S 

-0.4 

MIP-S  Stdev 

2.5 

4 

MIP-W 

16.473 

1 

MIP-W 

-4.5 

5 

MIP-W 

133.399 

2 

MIP-W 

-0.8 

6 

MIP-W 

69.104 

3 

MIP-W 

-0.6 

7 

MIP-W 

138.856 

4 

MIP-W 

-5.9 

8 

MIP-W 

102.952 

5 

MIP-W 

-6.3 

9 

MIP-W 

-4.597 

MIP-W  Ave 

67.511 

6 

MIP-W 

-6.3 

10 

MIP-W 

60.037 

MIP-W  Stdev 

46.396 

7 

MIP-W 

-12.4 

8 

MIP-W 

-5.2 

9 

MIP-W 

-2.5 

MIP-W  Ave 

-4.7 

10 

MIP-W 

-3.2 

MIP-W  Stdev 

3.4 
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Surface  Topography 

Group  1  control-saliva  baseline 


a 

b 

c 

Ave 

ISO  Am 

46.214 

51.392 

33.372 

43.659 

ISO  Ra 

5.281 

5.766 

5.919 

5.655 

ISO  Sm 

61.326 

75.094 

68.765 

68.395 

ISO  Wt 

147.912 

133.365 

104.910 

128.729 

ISO  Rmax 

115.033 

102.744 

93.229 

103.669 

ISO  Rv 

46.214 

51.392 

33.372 

43.659 

ISO  Rz 

51.670 

49.640 

43.809 

48.373 

ISO  Am 

44.849 

43.615 

38.364 

42.276 

ISO  Ra 

7.227 

7.146 

6.371 

6.915 

ISO  Sm 

89.314 

66.208 

66.398 

73.973 

ISO  Wt 

65.044 

87.453 

77.189 

76.562 

ISO  Rmax 

59.320 

87.453 

77.189 

74.654 

ISO  Rv 

44.849 

43.615 

38.364 

42.276 

ISO  Rz 

43.393 

48.411 

45.670 

45.825 

ISO  Am 

68.244 

68.907 

85.985 

74.379 

ISO  Ra 

6.973 

6.759 

6.456 

6.729 

ISO  Sm 

69.644 

69.805 

68.324 

69.258 

ISO  Wt 

135.540 

138.310 

173.094 

148.981 

ISO  Rmax 

135.540 

138.310 

173.094 

148.981 

ISO  Rv 

68.244 

68.907 

85.985 

74.379 

ISO  Rz 

51.575 

52.622 

56.509 

53.569 

ISO  Am 

27.441 

33.968 

35.952 

32.454 

ISO  Ra 

4.796 

4.761 

5.447 

5.001 

ISO  Sm 

94.147 

56.260 

68.653 

73.020 

ISO  Wt 

54.295 

51.428 

54.819 

53.514 

ISO  Rmax 

54.295 

35.519 

49.175 

46.330 

ISO  Rv 

27.441 

33.968 

35.952 

32.454 

ISO  Rz 

33.712 

34.406 

35.656 

34.591 

ISO  Am 

44.944 

42.699 

57.180 

48.274 

ISO  Ra 

5.975 

5.544 

5.827 

5.782 

ISO  Sm 

75.549 

69.885 

61.914 

69.116 

ISO  Wt 

83.279 

85.428 

113.568 

94.092 

ISO  Rmax 

83.279 

85.428 

113.568 

94.092 

ISO  Rv 

44.944 

42.699 

57.180 

48.274 

ISO  Rz 

41.310 

39.389 

43.724 

41.474 
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58.349 

62.708 

8.673 

8.231 

8.013 

8.306 

ISO  Sm 

76.179 

77.086 

83.363 

78.876 

ISO  Wt 

145.285 

124.056 

117.504 

128.948 

ISO  Rmax 

143.925 

124.056 

117.504 

128.495 

ISO  Rv 

67.333 

62.441 

58.349 

62.708 

ISO  Rz 

63.396 

55.575 

52.064 

57.012 

ISO  Am 

55.528 

41.534 

48.335 

48.466 

6.479 

6.205 

6.584 

6.423 

ISO  Sm 

69.050 

73.621 

71.586 

71.419 

ISO  Wt 

72.354 

59.730 

71.735 

67.940 

ISO  Rmax 

46.137 

50.495 

53.016 

49.883 

ISO  Rv 

55.528 

41.534 

48.335 

48.466 

ISO  Rz 

38.044 

34.167 

40.138 

37.450 

ISO  Am 

36.191 

23.417 

33.885 

31.164 

5.132 

5.098 

5.267 

5.166 

ISO  Sm 

84.480 

100.921 

95.341 

93.581 

ISO  Wt 

50.669 

38.105 

50.318 

46.364 

ISO  Rmax 

50.363 

36.073 

39.762 

42.066 

ISO  Rv 

36.191 

23.417 

33.885 

31.164 

ISO  Rz 

30.430 

30.465 

31.577 

30.824 

ISO  Am 

29.731 

52.292 

36.721 

39.581 

ISO  Ra 

7.185 

6.624 

6.652 

6.820 

ISO  Sm 

76.030 

85.830 

71.089 

77.650 

ISO  Wt 

50.840 

74.970 

54.934 

60.248 

ISO  Rmax 

48.122 

74.970 

51.435 

58.176 

ISO  Rv 

29.731 

52.292 

36.721 

39.581 

ISO  Rz 

41.507 

44.818 

41.318 

42.548 

ISO  Am 

43.990 

38.992 

46.649 

43.210 

ISO  Ra 

6.214 

6.513 

5.260 

5.996 

ISO  Sm 

81.030 

78.275 

78.077 

79.127 

ISO  Wt 

64.643 

65.550 

69.576 

66.590 

ISO  Rmax 

40.441 

44.099 

24.872 

36.471 

ISO  Rv 

43.990 

38.992 

46.649 

43.210 

ISO  Rz 

38.378 

38.715 

32.476 

36.523 
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Average  Surface  Topography 
Group  1  control-saliva  baseline 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ave 

STDEV 

ISO  Am 

43.659 

42.276 

74.379 

32.454 

48.274 

62.708 

48.466 

31.164 

39.581 

43.210 

46.617 

13.182 

ISO  Ra 

5.655 

6.915 

6.729 

5.001 

5.782 

8.306 

6.423 

5.166 

6.820 

5.996 

6.279 

0.978 

ISO  Sm 

68.395 

73.973 

69.258 

73.020 

69.116 

78.876 

71.419 

93.581 

77.650 

79.127 

75.441 

7.538 

ISO  Wt 

128.729 

76.562 

148.981 

53.514 

94.092 

128.948 

67.940 

46.364 

60.248 

66.590 

87.197 

36.163 

ISO  Rmax 

103.669 

74.654 

148.981 

46.330 

94.092 

128.495 

49.883 

42.066 

58.176 

36.471 

78.282 

39.043 

ISO  Rv 

43.659 

42.276 

74.379 

32.454 

48.274 

62.708 

48.466 

31.164 

39.581 

43.210 

46.617 

13.182 

ISO  Rz 

48.373 

45.825 

53.569 

34.591 

41.474 

57.012 

37.450 

30.824 

42.548 

36.523 

42.819 

8.425 
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Surface  Topography 

Group  1  control-saliva  demineralization 


a 

b 

c 

Ave 

ISO  Am 

35.248 

38.050 

35.211 

36.170 

ISO  Ra 

4.282 

4.607 

4.412 

4.434 

ISO  Sm 

104.826 

113.423 

146.662 

121.637 

ISO  Wt 

45.971 

111.955 

98.718 

85.548 

ISO  Rmax 

23.191 

89.862 

74.746 

62.600 

ISO  Rv 

35.248 

38.050 

35.211 

36.170 

ISO  Rz 

23.297 

37.198 

32.624 

31.040 

ISO  Am 

46.650 

52.781 

50.910 

50.114 

ISO  Ra 

5.504 

5.653 

5.952 

5.703 

ISO  Sm 

120.977 

115.940 

163.653 

133.523 

ISO  Wt 

62.846 

67.383 

65.048 

65.092 

ISO  Rmax 

56.180 

65.766 

65.048 

62.331 

ISO  Rv 

46.650 

52.781 

50.910 

50.114 

ISO  Rz 

32.134 

35.303 

32.863 

33.433 

ISO  Am 

66.336 

67.492 

65.102 

66.310 

ISO  Ra 

4.360 

4.416 

4.356 

4.377 

ISO  Sm 

238.238 

201.432 

191.216 

210.295 

ISO  Wt 

75.748 

75.005 

72.592 

74.448 

ISO  Rmax 

75.748 

75.005 

72.592 

74.448 

ISO  Rv 

66.336 

67.492 

65.102 

66.310 

ISO  Rz 

24.583 

24.658 

23.447 

24.229 

ISO  Am 

29.153 

33.104 

31.521 

31.259 

ISO  Ra 

4.751 

4.134 

4.666 

4.517 

ISO  Sm 

148.121 

143.220 

128.642 

139.994 

ISO  Wt 

45.013 

66.306 

51.354 

54.224 

ISO  Rmax 

45.013 

66.306 

44.278 

51.866 

ISO  Rv 

29.153 

33.104 

31.521 

31.259 

ISO  Rz 

23.301 

30.077 

28.317 

27.232 

ISO  Am 

33.511 

36.423 

35.797 

35.244 

ISO  Ra 

4.311 

4.362 

4.344 

4.339 

ISO  Sm 

169.913 

158.918 

115.309 

148.047 

ISO  Wt 

43.196 

47.053 

45.311 

45.187 

ISO  Rmax 

39.160 

41.773 

42.141 

41.025 

ISO  Rv 

33.511 

36.423 

35.797 

35.244 

ISO  Rz 

20.992 

22.080 

22.964 

22.012 
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ISO  Am 

46.366 

32.188 

33.735 

37.430 

ISO  Ra 

6.147 

5.239 

4.397 

5.261 

ISO  Sm 

134.752 

126.707 

110.147 

123.869 

ISO  Wt 

59.858 

45.179 

45.907 

50.315 

ISO  Rmax 

41.892 

37.553 

35.052 

38.166 

ISO  Rv 

46.366 

32.188 

33.735 

37.430 

ISO  Rz 

28.486 

25.174 

24.079 

25.913 

ISO  Am 

47.469 

52.595 

49.940 

50.001 

5.585 

5.639 

5.702 

ISO  Sm 

100.221 

97.304 

98.585 

98.703 

ISO  Wt 

65.857 

191.554 

68.021 

108.477 

ISO  Rmax 

37.855 

167.768 

49.019 

84.881 

ISO  Rv 

47.469 

52.595 

49.940 

50.001 

ISO  Rz 

32.318 

59.287 

34.897 

42.167 

ISO  Am 

29.573 

45.886 

49.872 

41.777 

4.491 

5.848 

6.039 

5.459 

ISO  Sm 

128.933 

132.706 

161.851 

141.163 

ISO  Wt 

42.430 

108.450 

63.111 

71.330 

ISO  Rmax 

29.746 

80.798 

25.969 

45.504 

ISO  Rv 

29.573 

45.886 

49.872 

41.777 

ISO  Rz 

24.914 

41.275 

28.983 

31.724 

ISO  Am 

22.506 

23.262 

30.312 

25.360 

ISO  Ra 

4.019 

3.551 

3.773 

3.781 

ISO  Sm 

169.821 

134.484 

151.582 

151.962 

ISO  Wt 

30.531 

32.731 

44.164 

35.809 

ISO  Rmax 

28.785 

21.812 

24.071 

24.889 

ISO  Rv 

22.506 

23.262 

30.312 

25.360 

ISO  Rz 

17.966 

17.962 

20.585 

18.838 

ISO  Am 

39.135 

35.665 

37.855 

37.552 

ISO  Ra 

6.183 

6.054 

5.041 

5.759 

ISO  Sm 

108.109 

145.482 

86.812 

113.468 

ISO  Wt 

58.610 

56.288 

53.813 

56.237 

ISO  Rmax 

58.610 

46.039 

36.284 

46.978 

ISO  Rv 

39.135 

35.665 

37.855 

37.552 

ISO  Rz 

33.025 

33.983 

29.967 

32.325 
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Average  Surface  Topography 
Group  1  control-saliva  demineralization 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ave 

STDEV 

ISO  Am 

36.170 

50.114 

66.310 

31.259 

35.244 

37.430 

50.001 

41.777 

25.360 

37.552 

41.122 

11.670 

ISO  Ra 

4.434 

5.703 

4.377 

4.517 

4.339 

5.261 

5.702 

5.459 

3.781 

5.759 

4.933 

0.720 

ISO  Sm 

121.637 

133.523 

210.295 

139.994 

148.047 

123.869 

98.703 

141.163 

151.962 

113.468 

138.266 

30.128 

ISO  Wt 

85.548 

65.092 

74.448 

54.224 

45.187 

50.315 

108.477 

71.330 

35.809 

56.237 

64.667 

21.328 

ISO  Rmax 

62.600 

62.331 

74.448 

51.866 

41.025 

38.166 

84.881 

45.504 

24.889 

46.978 

53.269 

17.958 

ISO  Rv 

36.170 

50.114 

66.310 

31.259 

35.244 

37.430 

50.001 

41.777 

25.360 

37.552 

41.122 

11.670 

ISO  Rz 

31.040 

33.433 

24.229 

27.232 

22.012 

25.913 

42.167 

31.724 

18.838 

32.325 

28.891 

6.692 
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Surface  Topography 

Group  1  control-saliva  30  days 


a 

b 

c 

Ave 

ISO  Am 

36.531 

39.126 

33.378 

36.345 

ISO  Ra 

4.463 

3.628 

4.052 

4.048 

ISO  Sm 

190.715 

104.280 

125.048 

140.014 

ISO  Wt 

52.223 

50.176 

48.927 

50.442 

ISO  Rmax 

29.184 

25.940 

22.155 

25.760 

ISO  Rv 

36.531 

39.126 

33.378 

36.345 

ISO  Rz 

24.423 

23.420 

24.792 

24.212 

ISO  Am 

51.105 

47.945 

48.599 

49.216 

ISO  Ra 

6.165 

6.357 

6.170 

6.231 

ISO  Sm 

183.907 

108.305 

108.065 

133.426 

ISO  Wt 

67.815 

64.300 

64.344 

65.486 

ISO  Rmax 

64.916 

58.708 

58.656 

60.760 

ISO  Rv 

51.105 

47.945 

48.599 

49.216 

ISO  Rz 

33.602 

35.360 

33.840 

34.267 

Dropped 

ISO  Am 

72.343 

124.099 

233.724 

143.389 

72.343 

124.099 

98.221 

ISO  Ra 

6.302 

6.710 

11.525 

8.179 

6.302 

6.710 

6.506 

ISO  Sm 

136.713 

148.144 

476.755 

253.871 

136.713 

148.144 

142.429 

ISO  Wt 

82.283 

137.787 

292.440 

170.837 

82.283 

137.787 

110.035 

ISO  Rmax 

82.157 

135.440 

292.440 

170.012 

82.157 

135.440 

108.799 

ISO  Rv 

72.343 

124.099 

233.724 

143.389 

72.343 

124.099 

98.221 

ISO  Rz 

29.186 

43.010 

72.666 

48.287 

29.186 

43.010 

36.098 

ISO  Am 

21.390 

31.200 

31.566 

28.052 

ISO  Ra 

4.667 

4.422 

4.492 

4.527 

ISO  Sm 

163.360 

165.665 

136.556 

155.194 

ISO  Wt 

37.928 

41.892 

42.753 

40.858 

ISO  Rmax 

33.749 

41.892 

40.619 

38.753 

ISO  Rv 

21.390 

31.200 

31.566 

28.052 

ISO  Rz 

22.904 

24.308 

25.204 

24.139 

ISO  Am 

40.273 

40.007 

52.895 

44.392 

ISO  Ra 

4.367 

4.448 

4.825 

4.547 

ISO  Sm 

89.900 

78.057 

68.263 

78.740 

ISO  Wt 

54.254 

52.939 

64.213 

57.135 

ISO  Rmax 

37.873 

43.407 

63.064 

48.115 

ISO  Rv 

40.273 

40.007 

52.895 

44.392 

ISO  Rz 

26.134 

28.553 

31.135 

28.607 
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73.806 

65.567 

64.972 

68.115 

7.051 

7.231 

ISO  Sm 

159.977 

179.241 

155.372 

164.863 

ISO  Wt 

89.603 

84.644 

80.391 

84.879 

ISO  Rmax 

84.802 

79.609 

80.391 

81.601 

ISO  Rv 

73.806 

65.567 

64.972 

68.115 

ISO  Rz 

39.424 

38.782 

38.846 

39.017 

ISO  Am 

51.047 

47.958 

52.213 

50.406 

5.357 

5.539 

5.599 

ISO  Sm 

71.219 

96.951 

83.215 

83.795 

ISO  Wt 

77.003 

63.316 

69.467 

69.929 

ISO  Rmax 

33.261 

42.396 

45.382 

40.346 

ISO  Rv 

51.047 

47.958 

52.213 

50.406 

ISO  Rz 

35.761 

30.395 

33.130 

33.095 

ISO  Am 

60.144 

53.073 

55.970 

56.396 

5.450 

5.661 

5.737 

ISO  Sm 

148.272 

155.160 

140.554 

147.995 

ISO  Wt 

77.469 

66.448 

74.269 

72.729 

ISO  Rmax 

69.688 

63.538 

74.269 

69.165 

ISO  Rv 

60.144 

53.073 

55.970 

56.396 

ISO  Rz 

32.929 

32.627 

33.981 

33.179 

ISO  Am 

21.884 

21.720 

29.490 

24.365 

ISO  Ra 

5.322 

5.084 

4.629 

5.012 

ISO  Sm 

174.912 

157.131 

118.083 

150.042 

ISO  Wt 

35.478 

34.367 

43.418 

37.754 

ISO  Rmax 

35.132 

34.178 

33.761 

34.357 

ISO  Rv 

21.884 

21.720 

29.490 

24.365 

ISO  Rz 

27.222 

26.642 

25.345 

26.403 

ISO  Am 

33.097 

28.591 

28.154 

29.947 

ISO  Ra 

5.986 

5.769 

5.139 

5.631 

ISO  Sm 

121.474 

119.801 

78.472 

106.582 

ISO  Wt 

50.346 

43.789 

50.219 

48.118 

ISO  Rmax 

50.063 

37.517 

39.407 

42.329 

ISO  Rv 

33.097 

28.591 

28.154 

29.947 

ISO  Rz 

33.926 

31.638 

30.889 

32.151 
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Average  Surface  Topography 
Group  1  control-saliva  30  days 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ave 

STDEV 

ISO  Am 

36.345 

49.216 

42.781 

28.052 

44.392 

68.115 

50.406 

56.396 

24.365 

29.947 

43.001 

13.708 

ISO  Ra 

4.048 

6.231 

5.139 

4.527 

4.547 

7.231 

5.498 

5.616 

5.012 

5.631 

5.348 

0.923 

ISO  Sm 

140.014 

133.426 

136.720 

155.194 

78.740 

164.863 

83.795 

147.995 

150.042 

106.582 

129.737 

29.894 

ISO  Wt 

50.442 

65.486 

57.964 

40.858 

57.135 

84.879 

69.929 

72.729 

37.754 

48.118 

58.529 

14.886 

ISO 

Rmax 

25.760 

60.760 

43.260 

38.753 

48.115 

81.601 

40.346 

69.165 

34.357 

42.329 

48.445 

17.053 

ISO  Rv 

36.345 

49.216 

42.781 

28.052 

44.392 

68.115 

50.406 

56.396 

24.365 

29.947 

43.001 

13.708 

ISO  Rz 

24.212 

34.267 

29.240 

24.139 

28.607 

39.017 

33.095 

33.179 

26.403 

32.151 

30.431 

4.776 
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Surface  Topography 
Group  2  icon-saliva  baseline 


a 

b 

c 

Ave 

ISO  Am 

79.017 

68.096 

70.961 

72.691 

ISO  Ra 

11.462 

11.169 

11.728 

11.453 

ISO  Sm 

109.389 

127.617 

154.433 

130.480 

ISO  Wt 

153.952 

111.392 

100.980 

122.108 

ISO  Rmax 

97.597 

93.909 

88.515 

93.340 

ISO  Rv 

79.017 

68.096 

70.961 

72.691 

ISO  Rz 

62.331 

51.829 

56.104 

56.755 

ISO  Am 

90.630 

89.130 

70.448 

83.403 

ISO  Ra 

10.241 

9.360 

9.511 

9.704 

ISO  Sm 

167.785 

150.622 

186.952 

168.453 

ISO  Wt 

111.554 

111.311 

93.235 

105.367 

ISO  Rmax 

88.249 

70.521 

87.274 

82.015 

ISO  Rv 

90.630 

89.130 

70.448 

83.403 

ISO  Rz 

51.293 

49.691 

45.457 

48.814 

ISO  Am 

50.541 

57.313 

52.359 

53.404 

ISO  Ra 

8.072 

7.515 

7.473 

7.687 

ISO  Sm 

100.272 

80.104 

97.008 

92.461 

ISO  Wt 

74.169 

87.470 

74.550 

78.730 

ISO  Rmax 

67.844 

82.098 

74.550 

74.831 

ISO  Rv 

50.541 

57.313 

52.359 

53.404 

ISO  Rz 

45.932 

48.730 

45.580 

46.747 

74.658 

57.606 

65.299 

65.854 

8.666 

6.948 

7.706 

ISO  Sm 

117.125 

93.980 

125.153 

112.086 

ISO  Wt 

98.143 

78.407 

84.019 

86.856 

ISO  Rmax 

69.372 

47.412 

41.026 

52.603 

ISO  Rv 

74.658 

57.606 

65.299 

65.854 

ISO  Rz 

55.501 

41.027 

42.063 

46.197 

ISO  Am 

48.464 

42.797 

45.381 

45.547 

5.759 

4.948 

4.934 

5.214 

ISO  Sm 

68.366 

67.373 

65.815 

67.185 

ISO  Wt 

64.372 

58.008 

58.244 

60.208 

ISO  Rmax 

31.139 

29.447 

28.582 

29.723 

ISO  Rv 

48.464 

42.797 

45.381 

45.547 

ISO  Rz 

34.476 

32.237 

29.591 

32.101 
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59.423 

57.421 

7.360 

7.275 

6.544 

7.060 

ISO  Sm 

173.743 

86.823 

88.612 

116.393 

ISO  Wt 

77.668 

76.664 

78.787 

77.706 

ISO  Rmax 

55.086 

60.321 

67.304 

60.904 

ISO  Rv 

51.672 

59.423 

61.167 

57.421 

ISO  Rz 

42.097 

44.541 

41.712 

42.783 

ISO  Am 

67.381 

62.252 

63.679 

64.437 

ISO  Ra 

11.672 

10.863 

12.907 

11.814 

ISO  Sm 

143.926 

144.971 

123.857 

137.585 

ISO  Wt 

97.277 

96.461 

106.024 

99.921 

ISO  Rmax 

82.382 

64.831 

106.024 

84.412 

ISO  Rv 

67.381 

62.252 

63.679 

64.437 

ISO  Rz 

61.937 

61.039 

66.641 

63.206 

ISO  Am 

33.915 

35.420 

37.429 

35.588 

4.754 

5.221 

5.743 

5.239 

ISO  Sm 

65.624 

77.765 

72.754 

72.048 

ISO  Wt 

49.846 

50.074 

56.567 

52.162 

ISO  Rmax 

33.193 

35.655 

48.479 

39.109 

ISO  Rv 

33.915 

35.420 

37.429 

35.588 

ISO  Rz 

31.677 

32.663 

39.468 

34.603 

ISO  Am 

58.946 

78.752 

72.885 

70.194 

ISO  Ra 

9.370 

8.223 

8.641 

8.745 

ISO  Sm 

154.920 

81.459 

80.028 

105.469 

ISO  Wt 

103.888 

109.744 

114.682 

109.438 

ISO  Rmax 

73.487 

94.313 

91.652 

86.484 

ISO  Rv 

58.946 

78.752 

72.885 

70.194 

ISO  Rz 

49.689 

54.090 

59.153 

54.311 

ISO  Am 

58.381 

66.692 

55.197 

60.090 

ISO  Ra 

7.689 

7.381 

7.559 

7.543 

ISO  Sm 

62.792 

67.802 

66.922 

65.839 

ISO  Wt 

87.420 

95.678 

84.233 

89.110 

ISO  Rmax 

77.067 

85.326 

73.880 

78.758 

ISO  Rv 

58.381 

66.692 

55.197 

60.090 

ISO  Rz 

52.002 

55.166 

52.515 

53.228 
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Average  Surface  Topography 
Group  2  icon-saliva  baseline 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ave 

STDEV 

ISO 

Am 

72.691 

83.403 

53.404 

65.854 

45.547 

57.421 

64.437 

35.588 

70.194 

60.090 

60.863 

13.801 

ISO  Ra 

11.453 

9.704 

7.687 

7.706 

5.214 

7.060 

11.814 

5.239 

8.745 

7.543 

8.216 

2.264 

ISO 

Sm 

130.480 

168.453 

92.461 

112.086 

67.185 

116.393 

137.585 

72.048 

105.469 

65.839 

106.800 

33.486 

ISO 

Wt 

122.108 

105.367 

78.730 

86.856 

60.208 

77.706 

99.921 

52.162 

109.438 

89.110 

88.161 

21.903 

ISO 

Rmax 

93.340 

82.015 

74.831 

52.603 

29.723 

60.904 

84.412 

39.109 

86.484 

78.758 

68.218 

21.599 

ISO  Rv 

72.691 

83.403 

53.404 

65.854 

45.547 

57.421 

64.437 

35.588 

70.194 

60.090 

60.863 

13.801 

ISO  Rz 

56.755 

48.814 

46.747 

46.197 

32.101 

42.783 

63.206 

34.603 

54.311 

53.228 

47.874 

9.660 
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Surface  Topography 

Group  2  icon-saliva  demineralization 


a 

b 

c 

Ave 

ISO  Am 

78.812 

74.544 

96.086 

83.147 

ISO  Ra 

12.168 

12.791 

14.154 

13.038 

ISO  Sm 

168.725 

216.331 

129.044 

171.367 

ISO  Wt 

158.730 

150.431 

185.818 

164.993 

ISO  Rmax 

109.960 

107.007 

157.789 

124.919 

ISO  Rv 

78.812 

74.544 

96.086 

83.147 

ISO  Rz 

69.571 

64.800 

85.504 

73.292 

ISO  Am 

73.784 

N/A 

N/A 

73.784 

ISO  Ra 

7.769 

N/A 

N/A 

7.769 

Not  able  to 

calculate  Sm  values 
for  sample  2; 
therefore,  other 
values  are  not 

collected 

ISO  Sm 

127.429 

N/A 

N/A 

127.429 

ISO  Wt 

83.598 

N/A 

N/A 

83.598 

ISO  Rmax 

64.148 

N/A 

N/A 

64.148 

ISO  Rv 

73.784 

N/A 

N/A 

73.784 

ISO  Rz 

34.047 

N/A 

N/A 

34.047 

ISO  Am 

38.767 

30.599 

35.427 

34.931 

ISO  Ra 

5.334 

4.759 

6.096 

5.396 

ISO  Sm 

185.121 

142.384 

146.397 

157.967 

ISO  Wt 

51.927 

44.921 

49.377 

48.742 

ISO  Rmax 

46.739 

29.906 

44.032 

40.226 

ISO  Rv 

38.767 

30.599 

35.427 

34.931 

ISO  Rz 

25.658 

22.319 

25.453 

24.477 

ISO  Am 

52.022 

49.925 

57.557 

53.168 

ISO  Ra 

7.342 

8.152 

7.564 

7.686 

ISO  Sm 

163.913 

158.859 

158.969 

160.580 

ISO  Wt 

67.724 

71.940 

81.773 

73.812 

ISO  Rmax 

45.474 

38.703 

35.076 

39.751 

ISO  Rv 

52.022 

49.925 

57.557 

53.168 

ISO  Rz 

36.353 

39.192 

41.368 

38.971 
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27.864 

28.233 

3.250 

ISO  Sm 

142.755 

170.908 

133.129 

148.931 

ISO  Wt 

35.696 

36.588 

36.657 

36.314 

ISO  Rmax 

14.227 

12.291 

11.011 

12.510 

ISO  Rv 

27.864 

27.624 

29.210 

28.233 

ISO  Rz 

16.997 

16.148 

14.771 

15.972 

ISO  Am 

45.214 

49.244 

49.296 

47.918 

6.223 

6.386 

6.365 

6.325 

ISO  Sm 

160.063 

142.826 

172.237 

158.375 

ISO  Wt 

58.642 

62.882 

62.049 

61.191 

ISO  Rmax 

53.502 

54.506 

52.462 

53.490 

ISO  Rv 

45.214 

49.244 

49.296 

47.918 

ISO  Rz 

31.431 

33.085 

31.865 

32.127 

ISO  Am 

63.002 

55.585 

45.909 

54.832 

6.457 

8.301 

8.208 

7.655 

ISO  Sm 

212.703 

276.216 

250.412 

246.444 

ISO  Wt 

75.953 

74.690 

66.945 

72.529 

ISO  Rmax 

32.292 

56.291 

46.447 

45.010 

ISO  Rv 

63.002 

55.585 

45.909 

54.832 

ISO  Rz 

31.169 

38.458 

39.139 

36.255 

ISO  Am 

16.851 

16.913 

16.807 

16.857 

ISO  Ra 

3.087 

3.184 

3.226 

3.166 

ISO  Sm 

150.347 

119.770 

117.434 

129.184 

ISO  Wt 

24.983 

27.721 

26.009 

26.238 

ISO  Rmax 

17.606 

23.117 

21.506 

20.743 

ISO  Rv 

16.851 

16.913 

16.807 

16.857 

ISO  Rz 

16.994 

16.597 

17.239 

16.943 

ISO  Am 

48.837 

54.438 

55.479 

52.918 

ISO  Ra 

7.207 

5.485 

5.471 

6.054 

ISO  Sm 

208.555 

180.652 

135.239 

174.815 

ISO  Wt 

66.254 

67.854 

74.491 

69.533 

ISO  Rmax 

57.202 

63.067 

64.596 

61.622 

ISO  Rv 

48.837 

54.438 

55.479 

52.918 

ISO  Rz 

28.224 

25.307 

25.910 

26.480 
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Average  Surface  Topography 


Group  2  icon-saliva  demineralization 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ave 

STDEV 

ISO 

Am 

83.147 

73.784 

34.931 

53.168 

28.233 

47.918 

54.832 

16.857 

52.918 

27.394 

47.318 

20.947 

ISO 

Ra 

13.038 

7.769 

5.396 

7.686 

2.992 

6.325 

7.655 

3.166 

6.054 

3.383 

6.346 

3.008 

ISO 

Sm 

171.367 

127.429 

157.967 

16  0.580 

148.931 

158.375 

246.444 

129.184 

174.815 

149.988 

162.508 

33.331 

ISO 

Wt 

164.993 

83.598 

48.742 

73.812 

36.314 

61.191 

72.529 

26.238 

69.533 

38.302 

67.525 

39.091 

ISO 

Rmax 

124.919 

64.148 

40.226 

39.751 

12.510 

53.490 

45.010 

20.743 

61.622 

33.138 

49.556 

31.144 

ISO 

Rv 

83.147 

73.784 

34.931 

53.168 

28.233 

47.918 

54.832 

16.857 

52.918 

27.394 

47.318 

20.947 

ISO  Rz 

73.292 

34.047 

24.477 

38.971 

15.972 

32.127 

36.255 

16.943 

26.480 

19.270 

31.783 

16.694 
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Surface  Topography 
Group  2  icon-saliva  30  days 


a 

b 

c 

Ave 

ISO  Am 

66.588 

70.938 

64.900 

67.475 

ISO  Ra 

7.700 

7.638 

8.047 

7.795 

ISO  Sm 

107.064 

138.289 

157.025 

134.126 

ISO  Wt 

82.831 

84.463 

84.050 

83.781 

ISO  Rmax 

82.101 

68.282 

64.853 

71.745 

ISO  Rv 

66.588 

70.938 

64.900 

67.475 

ISO  Rz 

42.241 

40.940 

39.880 

41.020 

ISO  Am 

53.804 

42.211 

90.984 

62.333 

ISO  Ra 

7.878 

7.362 

10.040 

8.427 

ISO  Sm 

152.765 

109.469 

134.431 

132.222 

ISO  Wt 

72.211 

57.812 

123.725 

84.583 

ISO  Rmax 

48.811 

56.762 

73.241 

59.605 

ISO  Rv 

53.804 

42.211 

90.984 

62.333 

ISO  Rz 

38.472 

30.386 

52.750 

40.536 

ISO  Am 

73.021 

47.907 

35.795 

52.241 

ISO  Ra 

7.098 

6.149 

6.011 

6.419 

ISO  Sm 

78.907 

115.216 

107.935 

100.686 

ISO  Wt 

123.348 

63.133 

53.646 

80.042 

ISO  Rmax 

47.602 

39.887 

49.474 

45.654 

ISO  Rv 

73.021 

47.907 

35.795 

52.241 

ISO  Rz 

48.370 

31.442 

32.202 

37.338 

ISO  Am 

98.984 

115.251 

98.553 

104.263 

ISO  Ra 

12.950 

12.265 

12.620 

12.612 

ISO  Sm 

117.194 

107.305 

93.348 

105.949 

ISO  Wt 

176.267 

199.326 

192.775 

189.456 

ISO  Rmax 

169.059 

199.326 

192.775 

187.053 

ISO  Rv 

98.984 

115.251 

98.553 

104.263 

ISO  Rz 

92.303 

87.137 

94.497 

91.312 

ISO  Am 

32.576 

99.551 

86.622 

72.916 

ISO  Ra 

7.887 

9.940 

9.759 

9.195 

ISO  Sm 

91.779 

83.351 

103.609 

92.913 

ISO  Wt 

60.022 

208.758 

133.104 

133.961 

ISO  Rmax 

57.429 

208.758 

119.899 

128.695 

ISO  Rv 

32.576 

99.551 

86.622 

72.916 

ISO  Rz 

49.110 

97.374 

78.655 

75.046 
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73.444 

47.735 

58.826 

60.002 

7.409 

6.833 

7.742 

7.328 

ISO  Sm 

88.948 

100.676 

141.444 

110.356 

ISO  Wt 

92.642 

63.500 

79.329 

78.490 

ISO  Rmax 

89.147 

56.879 

65.397 

70.474 

ISO  Rv 

73.444 

47.735 

58.826 

60.002 

ISO  Rz 

45.216 

33.831 

41.508 

40.185 

ISO  Am 

106.330 

131.090 

168.429 

135.283 

ISO  Ra 

9.728 

10.200 

6.472 

8.800 

ISO  Sm 

121.092 

81.811 

106.656 

103.186 

ISO  Wt 

127.278 

164.553 

189.058 

160.296 

ISO  Rmax 

124.554 

53.984 

29.864 

69.467 

ISO  Rv 

106.330 

131.090 

168.429 

135.283 

ISO  Rz 

64.646 

59.835 

54.150 

59.544 

ISO  Am 

35.173 

79.548 

63.079 

59.267 

4.534 

5.352 

4.992 

4.959 

ISO  Sm 

61.900 

81.512 

80.354 

74.589 

ISO  Wt 

50.187 

96.969 

80.682 

75.946 

ISO  Rmax 

37.462 

89.775 

74.795 

67.344 

ISO  Rv 

35.173 

79.548 

63.079 

59.267 

ISO  Rz 

29.480 

40.337 

36.128 

35.315 

ISO  Am 

107.481 

76.106 

72.533 

85.373 

ISO  Ra 

7.825 

7.686 

8.906 

8.139 

ISO  Sm 

106.551 

75.309 

100.936 

94.265 

ISO  Wt 

143.747 

170.234 

339.594 

217.858 

ISO  Rmax 

133.034 

77.729 

331.491 

180.751 

ISO  Rv 

107.481 

76.106 

72.533 

85.373 

ISO  Rz 

70.443 

66.810 

112.586 

83.280 

ISO  Am 

88.089 

47.269 

45.097 

60.152 

ISO  Ra 

8.434 

6.085 

6.099 

6.873 

ISO  Sm 

66.616 

75.880 

81.884 

74.793 

ISO  Wt 

209.805 

66.634 

60.710 

112.383 

ISO  Rmax 

209.805 

59.511 

56.638 

108.651 

ISO  Rv 

88.089 

47.269 

45.097 

60.152 

ISO  Rz 

77.837 

44.158 

40.981 

54.325 
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Average  Surface  Topography 


Group  2  icon-saliva  30  days 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ave 

STDEV 

ISO 

Am 

67.475 

62.333 

52.241 

104.263 

72.916 

60.002 

135.283 

59.267 

85.373 

60.152 

75.930 

25.866 

ISO 

Ra 

7.795 

8.427 

6.419 

12.612 

9.195 

7.328 

8.800 

4.959 

8.139 

6.873 

8.055 

2.028 

ISO 

Sm 

134.126 

132.222 

100.686 

105.949 

92.913 

110.356 

103.186 

74.589 

94.265 

74.793 

102.309 

20.185 

ISO 

Wt 

83.781 

84.583 

80.042 

189.456 

133.961 

78.490 

160.296 

75.946 

217.858 

112.383 

121.680 

51.721 

ISO 

Rmax 

71.745 

59.605 

45.654 

187.053 

128.695 

70.474 

69.467 

67.344 

180.751 

108.651 

98.944 

50.816 

ISO 

Rv 

67.475 

62.333 

52.241 

104.263 

72.916 

60.002 

135.283 

59.267 

85.373 

60.152 

75.930 

25.866 

ISO  Rz 

41.020 

40.536 

37.338 

91.312 

75.046 

40.185 

59.544 

35.315 

83.280 

54.325 

55.790 

20.706 
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Surface  Topography 
Group  3  MIP  saliva  baseline 


a 

b 

c 

Ave 

ISO  Am 

37.007 

26.552 

36.406 

33.322 

ISO  Ra 

5.493 

4.849 

5.368 

5.237 

ISO  Sm 

69.414 

72.526 

76.915 

72.952 

ISO  Wt 

81.653 

56.108 

80.188 

72.650 

ISO  Rmax 

74.834 

56.108 

68.941 

66.628 

ISO  Rv 

37.007 

26.552 

36.406 

33.322 

ISO  Rz 

41.182 

32.591 

37.090 

36.954 

ISO  Am 

31.108 

26.34 

21.488 

26.312 

ISO  Ra 

6.087 

5.771 

5.360 

5.739 

ISO  Sm 

80.959 

102.978 

80.935 

88.291 

ISO  Wt 

52.61 

146.228 

37.786 

78.875 

ISO  Rmax 

44.132 

139.477 

34.177 

72.595 

ISO  Rv 

31.108 

26.34 

21.488 

26.312 

ISO  Rz 

36.19 

56.555 

28.591 

40.445 

ISO  Am 

39.535 

48.381 

41.991 

43.302 

ISO  Ra 

6.157 

6.478 

6.062 

6.232 

ISO  Sm 

68.101 

71.664 

74.239 

71.335 

ISO  Wt 

172.432 

179.432 

149.967 

167.277 

ISO  Rmax 

156.15 

147.823 

131.456 

145.143 

ISO  Rv 

39.535 

48.381 

41.991 

43.302 

ISO  Rz 

63.56 

62.785 

56.589 

60.978 

ISO  Am 

29.792 

34.252 

41.229 

35.091 

5.786 

5.78 

5.006 

5.524 

ISO  Sm 

71.964 

68.543 

63.241 

67.916 

ISO  Wt 

61.847 

71.145 

74.725 

69.239 

ISO  Rmax 

61.847 

71.145 

68.150 

67.047 

ISO  Rv 

29.792 

34.252 

41.229 

35.091 

ISO  Rz 

43.909 

44.78 

38.853 

42.514 

ISO  Am 

30.562 

37.206 

38.337 

35.368 

4.717 

6.764 

7.051 

6.177 

ISO  Sm 

106.56 

99.275 

127.829 

111.221 

ISO  Wt 

106.036 

114.549 

94.343 

104.976 

ISO  Rmax 

84.279 

90.361 

68.030 

80.890 

ISO  Rv 

30.562 

37.206 

38.337 

35.368 

ISO  Rz 

37.068 

53.283 

45.389 

45.247 
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ISO  Am 

59.872 

58.056 

51.697 

56.542 

ISO  Ra 

7.266 

7.057 

7.179 

7.167 

ISO  Sm 

92.559 

112.847 

95.647 

100.351 

ISO  Wt 

124.984 

141.29 

149.532 

138.602 

ISO  Rmax 

124.984 

141.29 

149.532 

138.602 

ISO  Rv 

59.872 

58.056 

51.697 

56.542 

ISO  Rz 

54.868 

53.41 

55.431 

54.570 

ISO  Am 

53.819 

57.921 

69.119 

60.286 

7.44 

7.901 

8.612 

7.984 

ISO  Sm 

81.721 

97.451 

81.650 

86.941 

ISO  Wt 

108.204 

115.776 

139.776 

121.252 

ISO  Rmax 

108.204 

115.776 

139.776 

121.252 

ISO  Rv 

53.819 

57.921 

69.119 

60.286 

ISO  Rz 

50.326 

55.69 

62.293 

56.103 

ISO  Am 

44.017 

42.61 

44.471 

43.699 

5.749 

5.409 

5.895 

5.684 

ISO  Sm 

83.423 

88.2 

88.712 

86.778 

ISO  Wt 

88.735 

63.112 

89.352 

80.400 

ISO  Rmax 

88.735 

54.256 

89.352 

77.448 

ISO  Rv 

44.017 

42.61 

44.471 

43.699 

ISO  Rz 

42.642 

31.885 

42.178 

38.902 

ISO  Am 

44.898 

39.066 

51.247 

45.070 

ISO  Ra 

4.956 

6.259 

6.579 

5.931 

ISO  Sm 

121.859 

109.575 

153.242 

128.225 

ISO  Wt 

138.104 

133.827 

148.292 

140.074 

ISO  Rmax 

116.76 

114.139 

121.437 

117.445 

ISO  Rv 

44.898 

39.066 

51.247 

45.070 

ISO  Rz 

45.382 

47.449 

50.935 

47.922 

ISO  Am 

57.971 

50.327 

70.067 

59.455 

ISO  Ra 

6.293 

6.042 

5.679 

6.005 

ISO  Sm 

65.062 

69.828 

62.003 

65.631 

ISO  Wt 

112.497 

96.883 

128.495 

112.625 

ISO  Rmax 

112.497 

96.883 

128.495 

112.625 

ISO  Rv 

57.971 

50.327 

70.067 

59.455 

ISO  Rz 

49.545 

47.454 

46.887 

47.962 
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Average  Surface  Topography 
Group  3  MIP  saliva  baseline 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ave 

STDEV 

ISO 

Am 

33.322 

26.312 

43.302 

35.091 

35.368 

56.542 

60.286 

43.699 

45.070 

59.455 

43.845 

11.755 

ISO  Ra 

5.237 

5.739 

6.232 

5.524 

6.177 

7.167 

7.984 

5.684 

5.931 

6.005 

6.168 

0.822 

ISO 

Sm 

72.952 

88.291 

71.335 

67.916 

111.221 

100.351 

86.941 

86.778 

128.225 

65.631 

87.964 

20.332 

ISO 

Wt 

72.650 

78.875 

167.277 

69.239 

104.976 

138.602 

121.252 

80.400 

140.074 

112.625 

108.597 

33.406 

ISO 

Rmax 

66.628 

72.595 

145.143 

67.047 

80.890 

138.602 

121.252 

77.448 

117.445 

112.625 

99.968 

30.309 

ISO  Rv 

33.322 

26.312 

43.302 

35.091 

35.368 

56.542 

60.286 

43.699 

45.070 

59.455 

43.845 

11.755 

ISO  Rz 

36.954 

40.445 

60.978 

42.514 

45.247 

54.570 

56.103 

38.902 

47.922 

47.962 

47.160 

7.956 
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Surface  Topography 

Group  3  MIP  saliva  demineralization 


a 

b 

c 

Ave 

ISO  Am 

24.773 

31.246 

38.102 

31.374 

ISO  Ra 

4.031 

4.196 

4.361 

4.196 

ISO  Sm 

133.076 

142.139 

129.982 

135.066 

ISO  Wt 

43.165 

51.415 

48.131 

47.570 

ISO  Rmax 

25.807 

33.547 

32.838 

30.731 

ISO  Rv 

24.773 

31.246 

38.102 

31.374 

ISO  Rz 

21.510 

24.801 

23.324 

23.212 

ISO  Am 

24.443 

27.600 

31.952 

27.998 

ISO  Ra 

8.676 

7.347 

5.292 

7.105 

ISO  Sm 

193.170 

246.161 

202.843 

214.058 

ISO  Wt 

53.954 

56.834 

67.024 

59.271 

ISO  Rmax 

48.919 

40.737 

59.616 

49.757 

ISO  Rv 

24.443 

27.600 

31.952 

27.998 

ISO  Rz 

36.488 

33.504 

38.524 

36.172 

ISO  Am 

39.523 

35.571 

37.854 

37.649 

ISO  Ra 

5.655 

6.386 

5.676 

5.906 

ISO  Sm 

99.533 

111.267 

98.893 

103.231 

ISO  Wt 

56.585 

55.589 

54.476 

55.550 

ISO  Rmax 

45.812 

46.419 

29.554 

40.595 

ISO  Rv 

39.523 

35.571 

37.854 

37.649 

ISO  Rz 

32.867 

38.617 

32.385 

34.623 

ISO  Am 

36.163 

27.221 

25.811 

29.732 

ISO  Ra 

4.873 

4.757 

4.573 

4.734 

ISO  Sm 

73.671 

74.140 

56.605 

68.139 

ISO  Wt 

53.043 

43.936 

44.685 

47.221 

ISO  Rmax 

49.022 

41.747 

37.273 

42.681 

ISO  Rv 

36.163 

27.221 

25.811 

29.732 

ISO  Rz 

32.717 

29.125 

28.441 

30.094 

ISO  Am 

32.968 

26.124 

24.816 

27.969 

ISO  Ra 

4.897 

5.700 

5.407 

5.335 

ISO  Sm 

157.278 

498.414 

388.430 

348.041 

ISO  Wt 

51.525 

49.700 

38.565 

46.597 

ISO  Rmax 

34.058 

39.950 

33.594 

35.867 

ISO  Rv 

32.968 

26.124 

24.816 

27.969 

ISO  Rz 

25.226 

26.512 

25.342 

25.693 
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ISO  Am 

59.376 

49.346 

52.358 

53.693 

ISO  Ra 

6.829 

6.609 

6.926 

6.788 

ISO  Sm 

243.646 

168.049 

126.935 

179.543 

ISO  Wt 

81.851 

69.874 

65.666 

72.464 

ISO  Rmax 

72.877 

59.991 

60.656 

64.508 

ISO  Rv 

59.376 

49.346 

52.358 

53.693 

ISO  Rz 

39.195 

34.973 

33.923 

36.030 

Average  Surface  Topography 


Group  3  MIP  saliva  demineralization 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ave 

STDEV 

ISO 

Am 

31.374 

27.998 

37.649 

29.732 

27.969 

53.693 

50.401 

50.359 

47.669 

47.933 

40.478 

10.523 

ISO 

Ra 

4.196 

7.105 

5.906 

4.734 

5.335 

6.788 

5.457 

5.401 

5.798 

5.092 

5.581 

0.877 

ISO 

Sm 

135.07 

214.06 

103.23 

68.139 

348.04 

179.54 

268.06 

90.946 

135.4 

92.393 

163.5 

89.719 

ISO 

Wt 

47.570 

59.271 

55.550 

47.221 

46.597 

72.464 

74.403 

66.347 

92.941 

66.977 

62.934 

14.789 

ISO 

Rmax 

30.731 

49.757 

40.595 

42.681 

35.867 

64.508 

74.140 

63.330 

64.210 

59.278 

52.510 

14.564 

ISO 

Rv 

31.374 

27.998 

37.649 

29.732 

27.969 

53.693 

50.401 

50.359 

47.669 

47.933 

40.478 

10.523 

ISO 

Rz 

23.212 

36.172 

34.623 

30.094 

25.693 

36.030 

30.881 

33.276 

39.867 

31.289 

32.114 

5.015 
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Surface  Topography 
Group  3  MIP  saliva  30  days 


E1A 

Ave 

Am 

24.266 

28.654 

35.649 

29.523 

Ra 

4.163 

4.736 

4.628 

4.509 

Sm 

87.281 

78.18 

116.275 

93.912 

Wt 

62.66 

72.306 

84.045 

73.003667 

Rmax 

62.66 

66.717 

75.166 

68.181 

Rv 

24.266 

28.654 

35.649 

29.523 

Rz 

31.164 

36.976 

35.64 

34.593333 

E2A 

Ave 

Am 

26.545 

20.56 

24.019 

23.708 

Ra 

6.487 

6.298 

4.708 

5.831 

Sm 

198.783 

271.172 

109.236 

193.06367 

Wt 

150.715 

138.658 

141.655 

143.676 

Rmax 

133.537 

135.466 

123.604 

130.869 

Rv 

26.545 

20.56 

24.019 

23.708 

Rz 

53.458 

48.494 

47.515 

49.822333 

E3A 

Ave 

Am 

34.353 

44.433 

33.06 

37.282 

Ra 

6.011 

7.441 

5.311 

6.2543333 

Sm 

101.892 

118.976 

81.215 

100.69433 

Wt 

150.994 

150.001 

132.256 

144.417 

Rmax 

140.951 

133.433 

121.176 

131.85333 

Rv 

34.353 

44.433 

33.06 

37.282 

Rz 

56.246 

63.689 

49.107 

56.347333 
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E4A 

Ave 

Am 

36.96 

28.902 

33.095 

32.985667 

Ra 

4.547 

4.908 

4.923 

4.7926667 

Sm 

93.233 

62.145 

69.874 

75.084 

Wt 

74.71 

58.505 

63.719 

65.644667 

Rmax 

74.71 

58.505 

63.719 

65.644667 

Rv 

36.96 

28.902 

33.095 

32.985667 

Rz 

30.908 

33.614 

32.68 

32.400667 

E5A 

Ave 

Am 

54.918 

49.451 

47.168 

50.512333 

Ra 

4.923 

5.834 

6.343 

5.7 

Sm 

395.177 

277.084 

293.281 

321.84733 

Wt 

65.784 

204.431 

60.774 

110.32967 

Rmax 

23.795 

163.285 

31.386 

72.822 

Rv 

54.918 

49.451 

47.168 

50.512333 

Rz 

25.204 

55.23 

28.086 

36.173333 

E6A 

Ave 

Am 

55.614 

49.725 

51.855 

52.398 

Ra 

6.943 

6.836 

7.042 

6.9403333 

Sm 

117.191 

139.041 

148.426 

134.886 

Wt 

137.394 

63.734 

155.79 

118.97267 

Rmax 

137.394 

54.172 

151.48 

114.34867 

Rv 

55.614 

49.725 

51.855 

52.398 

Rz 

49.044 

33.667 

52.654 

45.121667 

E7A 

Ave 

Am 

49.11 

56.081 

55.134 

53.441667 

Ra 

5.263 

5.415 

5.553 

5.4103333 

Sm 

197.901 

167.582 

177.595 

181.026 

Wt 

63.846 

76.94 

111.041 

83.942333 

Rmax 

59.214 

76.94 

111.041 

82.398333 

Rv 

49.11 

56.081 

55.134 

53.441667 

Rz 

29.316 

33.468 

40.596 

34.46 
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E8A 

Ave 

Am 

62.226 

57.257 

49.09 

56.191 

Ra 

5.405 

5.338 

5.204 

5.3156667 

Sm 

86.932 

99.545 

89.23 

91.902333 

Wt 

124.718 

114.737 

98.717 

112.724 

124.718 

114.737 

98.717 

112.724 

Rv 

62.226 

57.257 

49.09 

56.191 

Rz 

41.646 

40.972 

38.705 

40.441 

E9A 

Ave 

Am 

57.281 

68.669 

66.805 

64.251667 

Ra 

6.895 

6.831 

7.812 

7.1793333 

Sm 

107.043 

214.626 

186.107 

169.25867 

Wt 

190.013 

228.293 

255.389 

224.565 

165.521 

184.65 

233.672 

194.61433 

Rv 

57.281 

68.669 

66.805 

64.251667 

Rz 

68.865 

67.208 

76.445 

70.839333 

E10A 

Ave 

Am 

43.303 

45.867 

49.694 

46.288 

Ra 

4.952 

4.84 

4.595 

4.7956667 

Sm 

73.984 

81.169 

122.938 

92.697 

Wt 

87.145 

91.693 

61.747 

80.195 

Rmax 

87.145 

91.693 

61.588 

80.142 

Rv 

43.303 

45.867 

49.694 

46.288 

Rz 

45.154 

45.895 

29.054 

40.034333 
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Average  Surface  Topography 
Group  3  MIP  saliva  30  days 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ave 

STDEV 

ISO  Am 

29.52 

23.70 

37.282 

32.98 

50.512 

52.398 

53.442 

56.191 

64.252 

46.28 

44.658 

13.12 

ISO  Ra 

4.509 

5.831 

6.254 

4.793 

5.700 

6.940 

5.410 

5.316 

7.179 

4.796 

5.673 

0.903 

ISO  Sm 

93.91 

193.0 

100.69 

75.08 

321.84 

134.88 

181.02 

91.902 

169.25 

92.69 

145.43 

74.97 

ISO  Wt 

73.00 

143.6 

144.41 

65.645 

110.330 

118.973 

83.942 

112.724 

224.565 

80.195 

115.747 

47.264 

ISO 

Rmax 

68.18 

130.8 

131.85 

65.645 

72.822 

114.349 

82.398 

112.724 

194.614 

80.142 

105.360 

40.326 

ISO  Rv 

29.52 

23.70 

37.282 

32.986 

50.512 

52.398 

53.442 

56.191 

64.252 

46.288 

44.658 

13.121 

ISO  Rz 

34.59 

49.82 

56.347 

32.401 

36.173 

45.122 

34.460 

40.441 

70.839 

40.034 

44.023 

12.072 
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Surface  Topography 
Group  4  icon  water  baseline 


a 

b 

c 

Ave 

ISO  Am 

43.46 

36.914 

41.248 

40.541 

ISO  Ra 

6.438 

4.482 

4.601 

5.174 

ISO  Sm 

99.89 

154.35 

121.236 

125.159 

ISO  Wt 

72.564 

74.724 

82.783 

76.690 

ISO  Rmax 

66.512 

74.724 

82.783 

74.673 

ISO  Rv 

43.46 

36.914 

41.248 

40.541 

ISO  Rz 

47.392 

29.496 

34.943 

37.277 

ISO  Am 

48.085 

39.229 

34.168 

40.494 

ISO  Ra 

7.687 

5.106 

5.721 

6.171 

ISO  Sm 

81.818 

64.829 

58.764 

68.470 

ISO  Wt 

85.817 

61.378 

106.156 

84.450 

ISO  Rmax 

85.817 

34.819 

104.433 

75.023 

ISO  Rv 

48.085 

39.229 

34.168 

40.494 

ISO  Rz 

54.051 

38.616 

55.642 

49.436 

ISO  Am 

30.368 

50.769 

22.205 

34.447 

ISO  Ra 

5.431 

15.236 

4.869 

8.512 

ISO  Sm 

139.506 

361.817 

89.928 

197.084 

ISO  Wt 

60.842 

92.401 

49.183 

67.475 

ISO  Rmax 

54.44 

71.154 

47.960 

57.851 

ISO  Rv 

30.368 

50.769 

22.205 

34.447 

ISO  Rz 

41.25 

51.627 

37.570 

43.482 

ISO  Am 

13.075 

25.38 

42.266 

26.907 

3.839 

5.004 

4.918 

4.587 

ISO  Sm 

49.153 

63.19 

64.143 

58.829 

ISO  Wt 

29.312 

50.486 

84.055 

54.618 

ISO  Rmax 

26.783 

45.195 

84.055 

52.011 

ISO  Rv 

13.075 

25.38 

42.266 

26.907 

ISO  Rz 

24.142 

35.561 

42.166 

33.956 

ISO  Am 

51.502 

51.548 

53.613 

52.221 

ISO  Ra 

6.363 

5.879 

6.716 

6.319 

ISO  Sm 

98.378 

98.464 

109.369 

102.070 

ISO  Wt 

77.375 

73.98 

205.115 

118.823 

ISO  Rmax 

56.317 

36.37 

168.197 

86.961 

ISO  Rv 

51.502 

51.548 

53.613 

52.221 

ISO  Rz 

46.488 

41.372 

69.740 

52.533 
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50.456 

5.946 

5.471 

6.693 

ISO  Sm 

86.979 

69.191 

78.917 

78.362 

ISO  Wt 

59.57 

57.584 

99.749 

72.301 

ISO  Rmax 

58.277 

55.929 

99.749 

71.318 

ISO  Rv 

37.843 

34.398 

50.456 

40.899 

ISO  Rz 

39.997 

41.829 

53.989 

45.272 

ISO  Am 

51.027 

34.543 

39.997 

41.856 

5.828 

5.891 

5.829 

ISO  Sm 

63.81 

67.519 

58.310 

63.213 

ISO  Wt 

82.02 

68.137 

80.088 

76.748 

ISO  Rmax 

82.02 

66.412 

80.088 

76.173 

ISO  Rv 

51.027 

34.543 

39.997 

41.856 

ISO  Rz 

45.671 

48.531 

48.262 

47.488 

ISO  Am 

55.683 

54.047 

57.173 

55.634 

8.393 

9.43 

ISO  Sm 

86.535 

93.239 

95.038 

91.604 

ISO  Wt 

110.075 

111.817 

164.244 

128.712 

ISO  Rmax 

91.81 

87.992 

148.592 

109.465 

55.683 

54.047 

57.173 

79.118 

68.560 

ISO  Am 

33.09 

33.314 

36.372 

34.259 

ISO  Ra 

4.549 

5.031 

5.066 

4.882 

ISO  Sm 

74.718 

83.583 

93.628 

83.976 

ISO  Wt 

50.75 

52.889 

72.711 

58.783 

ISO  Rmax 

45.106 

50.669 

72.711 

56.162 

ISO  Rv 

33.09 

33.314 

36.372 

34.259 

ISO  Rz 

35.432 

34.69 

38.670 

36.264 

ISO  Am 

41.745 

34.786 

41.936 

39.489 

ISO  Ra 

5.586 

5.14 

5.147 

5.291 

ISO  Sm 

134.473 

172.333 

148.347 

151.718 

ISO  Wt 

65.703 

49.498 

84.899 

66.700 

ISO  Rmax 

62.385 

48.139 

84.899 

65.141 

ISO  Rv 

41.745 

34.786 

41.936 

39.489 

ISO  Rz 

41.175 

33.122 

43.025 

39.107 
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Average  Surface  Topography 
Group  4  icon  water  baseline 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ave 

STDEV 

ISO 

Am 

40.54 

40.49 

34.44 

26.90 

52.22 

40.90 

41.86 

55.63 

34.25 

39.49 

40.68 

8.36 

ISO  Ra 

5.17 

6.17 

8.51 

4.59 

6.32 

6.01 

5.85 

9.24 

4.88 

5.29 

6.21 

1.53 

ISO 

Sm 

125.20 

68.47 

197.10 

58.82 

102.07 

78.36 

63.21 

91.60 

83.98 

151.72 

102.05 

44.14 

ISO 

Wt 

76.69 

84.45 

67.47 

54.61 

118.23 

72.30 

76.75 

128.71 

58.78 

66.70 

80.53 

24.51 

ISO 

Rmax 

74.67 

75.02 

57.85 

52.01 

86.961 

71.32 

76.17 

109.47 

56.16 

65.14 

72.48 

16.86 

ISO  Rv 

40.54 

40.49 

34.45 

26.91 

52.221 

40.90 

41.86 

55.634 

34.26 

39.49 

40.68 

8.36 

ISO  Rz 

37.28 

49.43 

43.48 

33.96 

52.533 

45.27 

47.49 

68.560 

36.26 

39.11 

45.34 

10.17 
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Surface  Topography 

Group  4  icon  water  demineralization 


a 

b 

c 

Ave 

ISO  Am 

42.431 

37.149 

40.243 

39.941 

ISO  Ra 

5.439 

4.521 

4.655 

4.872 

ISO  Sm 

156.371 

340.385 

317.061 

271.272 

ISO  Wt 

63.761 

74.736 

48.86 

62.452 

ISO  Rmax 

63.761 

74.736 

47.869 

62.122 

ISO  Rv 

42.431 

37.149 

40.243 

39.941 

ISO  Rz 

37.88 

29.687 

23.426 

30.331 

ISO  Am 

41.114 

32.33 

28.29 

33.911 

ISO  Ra 

6.338 

3.786 

3.833 

4.652 

ISO  Sm 

203.325 

91.889 

198.899 

164.704 

ISO  Wt 

67.069 

50.018 

38.226 

51.771 

ISO  Rmax 

67.069 

30.882 

29.221 

42.391 

ISO  Rv 

41.114 

32.33 

28.29 

33.911 

ISO  Rz 

38.958 

29.641 

20.408 

29.669 

ISO  Am 

13.115 

13.121 

11.592 

12.609 

ISO  Ra 

2.373 

3.454 

3.356 

3.061 

ISO  Sm 

131.014 

129.827 

172.104 

144.315 

ISO  Wt 

24.792 

30.686 

33.157 

29.545 

ISO  Rmax 

17.042 

30.686 

32.403 

26.710 

ISO  Rv 

13.115 

13.121 

11.592 

12.609 

ISO  Rz 

15.834 

24.357 

25.747 

21.979 

ISO  Am 

28.177 

28.413 

25.333 

27.308 

ISO  Ra 

2.33 

3.777 

3.617 

3.241 

ISO  Sm 

164.44 

199.898 

191.778 

185.372 

ISO  Wt 

37.468 

49.042 

38.463 

41.658 

ISO  Rmax 

37.468 

49.042 

32.506 

39.672 

ISO  Rv 

28.177 

28.413 

25.333 

27.308 

ISO  Rz 

16.919 

25.495 

20.223 

20.879 

ISO  Am 

41.775 

43.586 

44.373 

43.245 

5.656 

5.183 

5.073 

5.304 

ISO  Sm 

175.689 

551.055 

479.329 

402.024 

ISO  Wt 

64.928 

56.542 

60.111 

60.527 

ISO  Rmax 

40.102 

37.363 

29.122 

35.529 

ISO  Rv 

41.775 

43.586 

44.373 

43.245 

ISO  Rz 

37.878 

29.541 

26.674 

31.364 
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ISO  Am 

31.9 

38.522 

34.302 

34.908 

ISO  Ra 

3.851 

4.239 

4.002 

4.031 

ISO  Sm 

189.474 

358.596 

472.093 

340.054 

ISO  Wt 

44.174 

50.785 

43.866 

46.275 

ISO  Rmax 

41.939 

47.264 

42.268 

43.824 

ISO  Rv 

31.9 

38.522 

34.302 

34.908 

ISO  Rz 

21.767 

24.093 

21.03 

22.297 

ISO  Am 

30.578 

26.572 

24.774 

27.308 

ISO  Ra 

3.875 

3.784 

4.212 

3.957 

ISO  Sm 

144.487 

160.237 

246.375 

183.700 

ISO  Wt 

55.844 

48.554 

46.962 

50.453 

ISO  Rmax 

49.285 

44.642 

42.501 

45.476 

ISO  Rv 

30.578 

26.572 

24.774 

27.308 

ISO  Rz 

30.376 

29.573 

29.124 

29.691 

ISO  Am 

50.941 

55.409 

49.616 

51.989 

8 

ISO  Am 

50.941 

55.409 

53.175 

ISO  Ra 

8.021 

6.934 

7.915 

7.623 

ISO  Ra 

8.021 

6.934 

7.4775 

ISO  Sm 

255.288 

191.975 

342.4 

263.221 

ISO  Sm 

255.288 

191.975 

223.6315 

ISO  Wt 

92.49 

83.087 

153.987 

109.855 

ISO  Wt 

92.49 

83.087 

87.7885 

ISO  Rmax 

62.453 

70.124 

148.867 

93.815 

ISO 

Rmax 

62.453 

70.124 

66.2885 

ISO  Rv 

50.941 

55.409 

49.616 

51.989 

ISO  Rv 

50.941 

55.409 

53.175 

ISO  Rz 

48.914 

46.196 

59.853 

51.654 

ISO  Rz 

48.914 

46.196 

47.555 

ISO  Am 

27.843 

44.037 

29.483 

33.788 

ISO  Ra 

3.936 

4.948 

4.944 

4.609 

ISO  Sm 

167.749 

96.506 

143.754 

136.003 

ISO  Wt 

39.606 

69.273 

59.655 

56.178 

ISO  Rmax 

36.26 

69.273 

59.655 

55.063 

ISO  Rv 

27.843 

44.037 

29.483 

33.788 

ISO  Rz 

25.14 

39.681 

41.42 

35.414 

ISO  Am 

38.552 

37.679 

36.631 

37.621 

ISO  Ra 

4.998 

5.804 

6.385 

5.729 

ISO  Sm 

156.447 

146.01 

148.244 

150.234 

ISO  Wt 

51.196 

64.422 

69.948 

61.855 

ISO  Rmax 

46.454 

49.23 

67.297 

54.327 

ISO  Rv 

38.552 

37.679 

36.631 

37.621 

ISO  Rz 

33.046 

43.2 

51.263 

42.503 
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Average  Surface  Topography 
Group  4  icon  water  demineralization 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ave 

ISO 

Am 

39.94 

33.91 

12.61 

27.31 

43.25 

34.91 

27.31 

53.18 

33.79 

37.62 

34.38 

ISO 

Ra 

4.87 

4.65 

3.06 

3.241 

5.30 

4.03 

3.96 

7.48 

4.61 

5.729 

4.69 

ISO 

Sm 

271.27 

164.70 

144.32 

188.37 

402.02 

340.05 

183.70 

223.63 

136.00 

150.23 

220.13 

Surface  Topography 
Group  4  icon  water  30  days 


a 

b 

c 

Ave 

ISO  Am 

49.942 

57.788 

59.306 

55.679 

ISO  Ra 

5.83 

5.392 

5.493 

5.572 

ISO  Sm 

104.291 

107.799 

70.503 

94.198 

ISO  Wt 

76.973 

111.474 

116.515 

101.654 

ISO  Rmax 

76.973 

111.474 

116.515 

101.654 

ISO  Rv 

49.942 

57.788 

59.306 

55.679 

ISO  Rz 

48.273 

42.339 

44.506 

45.039 

ISO  Am 

74.16 

115.817 

106.594 

98.857 

ISO  Ra 

6.868 

8.93 

18.657 

11.485 

ISO  Sm 

58.351 

59.381 

88.166 

68.633 

ISO  Wt 

112.609 

157.497 

206.009 

158.705 

ISO  Rmax 

112.609 

41.496 

206.009 

120.038 

ISO  Rv 

74.16 

115.817 

106.594 

98.857 

ISO  Rz 

49.627 

57.591 

134.671 

80.630 

ISO  Am 

26.67 

33.685 

33.249 

31.201 

ISO  Ra 

3.818 

4.672 

6.264 

4.918 

ISO  Sm 

76.435 

112.944 

183.202 

124.194 

ISO  Wt 

62.693 

67.598 

67.286 

65.859 

ISO  Rmax 

54.95 

67.598 

67.286 

63.278 

ISO  Rv 

26.67 

33.685 

33.249 

31.201 

ISO  Rz 

28.369 

31.863 

38.679 

32.970 

ISO  Am 

42.443 

41.773 

65.868 

50.028 

ISO  Ra 

6.284 

5.52 

6.987 

6.264 

ISO  Sm 

78.961 

61.71 

63.74 

68.137 

ISO  Wt 

70.878 

72.081 

93.175 

78.711 

ISO  Rmax 

67.394 

59.251 

89.161 

71.935 

ISO  Rv 

42.443 

41.773 

65.868 

50.028 

ISO  Rz 

49.257 

44.306 

52.2 

48.588 

ISO  Am 

82.662 

122.908 

119.281 

108.284 

8.651 

7.364 

8.452 

8.156 

ISO  Sm 

97.45 

85.269 

70.551 

84.423 

ISO  Wt 

176.075 

144.113 

147.544 

155.911 

ISO  Rmax 

59 

51.73 

89.458 

66.729 

ISO  Rv 

82.662 

122.908 

119.281 

108.284 

ISO  Rz 

63.522 

51.553 

62.92 

59.332 
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ISO  Am 

138.349 

135.283 

133.408 

135.680 

ISO  Ra 

13.977 

14.409 

14.381 

14.256 

ISO  Sm 

133.288 

106.904 

121.659 

120.617 

ISO  Wt 

203.744 

187.493 

214.143 

201.793 

ISO  Rmax 

186.584 

182.328 

214.143 

194.352 

ISO  Rv 

138.349 

135.283 

133.408 

135.680 

ISO  Rz 

91.921 

84.84 

97.198 

91.320 

ISO  Am 

35.449 

44.021 

69.542 

49.671 

4.559 

6.007 

5.577 

5.381 

ISO  Sm 

51.974 

67.966 

64.495 

61.478 

ISO  Wt 

68.288 

77.488 

107.608 

84.461 

ISO  Rmax 

68.288 

67.453 

84.348 

73.363 

ISO  Rv 

35.449 

44.021 

69.542 

49.671 

ISO  Rz 

34.497 

42.479 

50.572 

42.516 

ISO  Am 

76.297 

89.432 

81.378 

82.369 

ISO  Ra 

8.204 

15.261 

10.057 

11.174 

ISO  Sm 

67.159 

89.33 

83.763 

80.084 

ISO  Wt 

153.343 

170.033 

191.132 

171.503 

ISO  Rmax 

110.249 

135.604 

135.925 

127.259 

ISO  Rv 

76.297 

89.432 

81.378 

82.369 

ISO  Rz 

70.897 

104.573 

99.989 

91.820 

ISO  Am 

46.327 

93.422 

67.526 

69.092 

ISO  Ra 

5.637 

7.483 

6.152 

6.424 

ISO  Sm 

62.966 

57.856 

68.115 

62.979 

ISO  Wt 

69.33 

202.269 

89.128 

120.242 

ISO  Rmax 

49.419 

202.269 

48.015 

99.901 

ISO  Rv 

46.327 

93.422 

67.526 

69.092 

ISO  Rz 

39.139 

69.486 

42.121 

50.249 

ISO  Am 

32.439 

50.727 

42.957 

42.041 

ISO  Ra 

6.988 

7.138 

7.863 

7.330 

ISO  Sm 

116.942 

149.092 

138.354 

134.796 

ISO  Wt 

63.652 

86.993 

86.986 

79.210 

ISO  Rmax 

61.689 

72.18 

86.986 

73.618 

ISO  Rv 

32.439 

50.727 

42.957 

42.041 

ISO  Rz 

42.782 

48.029 

55.679 

48.830 
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Average  Surface  Topography 
Group  4  icon  water  30  days 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ave 

STDEV 

ISO  Am 

55.679 

98.857 

31.2 

50.03 

108.280 

135.680 

49.67 

82.37 

69.092 

42.04 

72.290 

33.363 

ISO  Ra 

5.572 

11.485 

4.918 

6.26 

8.160 

14.260 

5.38 

11.17 

6.424 

7.33 

8.096 

3.154 

ISO  Sm 

94.198 

68.633 

124.2 

68.14 

84.420 

120.620 

61.48 

80.08 

62.979 

134.8 

89.955 

27.365 

ISO  Wt 

101.654 

158.705 

65.86 

78.71 

155.910 

201.790 

84.46 

171.5 

120.240 

79.21 

121.804 

47.136 

ISO 

Rmax 

101.654 

120.038 

63.28 

71.94 

66.730 

194.350 

73.36 

127.3 

99.900 

73.62 

99.213 

40.403 

ISO  Rv 

55.679 

98.857 

31.2 

50.03 

108.280 

135.680 

49.67 

82.37 

69.090 

42.04 

72.290 

33.363 

ISO  Rz 

45.039 

80.630 

32.97 

48.59 

59.330 

91.320 

42.52 

91.82 

50.250 

48.83 

59.130 

21.140 
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Surface  Topography 
Group  5  MIP  humidity  baseline 


a 

b 

c 

Ave 

ISO  Am 

37.007 

26.552 

36.406 

33.322 

ISO  Ra 

5.493 

4.849 

5.368 

5.237 

ISO  Sm 

69.414 

72.526 

76.915 

72.952 

ISO  Wt 

81.653 

56.108 

80.188 

72.650 

ISO  Rmax 

74.834 

56.108 

68.941 

66.628 

ISO  Rv 

37.007 

26.552 

36.406 

33.322 

ISO  Rz 

41.182 

32.591 

37.090 

36.954 

ISO  Am 

31.108 

26.34 

21.488 

26.312 

ISO  Ra 

6.087 

5.771 

5.360 

5.739 

ISO  Sm 

80.959 

102.978 

80.935 

88.291 

ISO  Wt 

52.61 

146.228 

37.786 

78.875 

ISO  Rmax 

44.132 

139.477 

34.177 

72.595 

ISO  Rv 

31.108 

26.34 

21.488 

26.312 

ISO  Rz 

36.19 

56.555 

28.591 

40.445 

ISO  Am 

39.535 

48.381 

41.991 

43.302 

ISO  Ra 

6.157 

6.478 

6.062 

6.232 

ISO  Sm 

68.101 

71.664 

74.239 

71.335 

ISO  Wt 

172.432 

179.432 

149.967 

167.277 

ISO  Rmax 

156.15 

147.823 

131.456 

145.143 

ISO  Rv 

39.535 

48.381 

41.991 

43.302 

ISO  Rz 

63.56 

62.785 

56.589 

60.978 

ISO  Am 

29.792 

34.252 

41.229 

35.091 

5.786 

5.78 

5.006 

5.524 

ISO  Sm 

71.964 

68.543 

63.241 

67.916 

ISO  Wt 

61.847 

71.145 

74.725 

69.239 

ISO  Rmax 

61.847 

71.145 

68.150 

67.047 

ISO  Rv 

29.792 

34.252 

41.229 

35.091 

ISO  Rz 

43.909 

44.78 

38.853 

42.514 

ISO  Am 

30.562 

37.206 

38.337 

35.368 

4.717 

6.764 

7.051 

6.177 

ISO  Sm 

106.56 

99.275 

127.829 

111.221 

ISO  Wt 

106.036 

114.549 

94.343 

104.976 

ISO  Rmax 

84.279 

90.361 

68.030 

80.890 

ISO  Rv 

30.562 

37.206 

38.337 

35.368 

ISO  Rz 

37.068 

53.283 

45.389 

45.247 
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ISO  Am 

59.872 

58.056 

51.697 

56.542 

ISO  Ra 

7.266 

7.057 

7.179 

7.167 

ISO  Sm 

92.559 

112.847 

95.647 

100.351 

ISO  Wt 

124.984 

141.29 

149.532 

138.602 

ISO  Rmax 

124.984 

141.29 

149.532 

138.602 

ISO  Rv 

59.872 

58.056 

51.697 

56.542 

ISO  Rz 

54.868 

53.41 

55.431 

54.570 

ISO  Am 

53.819 

57.921 

69.119 

60.286 

7.44 

7.901 

8.612 

7.984 

ISO  Sm 

81.721 

97.451 

81.650 

86.941 

ISO  Wt 

108.204 

115.776 

139.776 

121.252 

ISO  Rmax 

108.204 

115.776 

139.776 

121.252 

ISO  Rv 

53.819 

57.921 

69.119 

60.286 

ISO  Rz 

50.326 

55.69 

62.293 

56.103 

ISO  Am 

44.017 

42.61 

44.471 

43.699 

5.749 

5.409 

5.895 

5.684 

ISO  Sm 

83.423 

88.2 

88.712 

86.778 

ISO  Wt 

88.735 

63.112 

89.352 

80.400 

ISO  Rmax 

88.735 

54.256 

89.352 

77.448 

44.017 

42.61 

44.471 

43.699 

42.642 

31.885 

42.178 

38.902 

ISO  Am 

44.898 

39.066 

51.247 

45.070 

ISO  Ra 

4.956 

6.259 

6.579 

5.931 

ISO  Sm 

121.859 

109.575 

153.242 

128.225 

ISO  Wt 

138.104 

133.827 

148.292 

140.074 

ISO  Rmax 

116.76 

114.139 

121.437 

117.445 

ISO  Rv 

44.898 

39.066 

51.247 

45.070 

ISO  Rz 

45.382 

47.449 

50.935 

47.922 

ISO  Am 

57.971 

50.327 

70.067 

59.455 

ISO  Ra 

6.293 

6.042 

5.679 

6.005 

ISO  Sm 

65.062 

69.828 

62.003 

65.631 

ISO  Wt 

112.497 

96.883 

128.495 

112.625 

ISO  Rmax 

112.497 

96.883 

128.495 

112.625 

ISO  Rv 

57.971 

50.327 

70.067 

59.455 

ISO  Rz 

49.545 

47.454 

46.887 

47.962 
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Average  Surface  Topography 


Group  5  MIP  humidity  baseline 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ave 

STDEV 

ISO 

Am 

33.32 

26.31 

43.302 

35.091 

35.368 

56.542 

60.286 

43.699 

45.070 

59.455 

43.845 

11.755 

ISO 

Ra 

5.237 

5.739 

6.232 

5.524 

6.177 

7.167 

7.984 

5.684 

5.931 

6.005 

6.168 

0.822 

ISO 

Sm 

72.95 

88.29 

71.335 

67.916 

111.22 

100.35 

86.941 

86.778 

128.23 

65.631 

87.964 

20.333 

ISO 

Wt 

72.65 

78.86 

167.28 

69.239 

104.98 

138.60 

80.40 

80.400 

140.07 

112.63 

99.98 

33.406 

ISO 

Rmax 

66.63 

72.60 

145.14 

67.047 

80.890 

138.60 

77.45 

77.448 

117.45 

112.62 

99.967 

30.308 

ISO 

Rv 

33.32 

26.31 

43.302 

35.091 

35.368 

56.540 

60.290 

43.699 

45.070 

59.455 

43.845 

11.755 

ISO 

Rz 

36.95 

40.45 

60.980 

42.514 

45.247 

54.570 

56.103 

38.902 

47.922 

47.962 

47.160 

7.957 
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Surface  Topography 

Group  5  MIP  humidity  demineralization 


a  b  c  Ave 


ISO  Am 

24.773 

31.246 

38.102 

31.374 

ISO  Ra 

4.031 

4.196 

4.361 

4.196 

ISO  Sm 

133.076 

142.139 

129.982 

135.066 

ISO  Wt 

43.165 

51.415 

48.131 

47.570 

ISO  Rmax 

25.807 

33.547 

32.838 

30.731 

ISO  Rv 

24.773 

31.246 

38.102 

31.374 

ISO  Rz 

21.510 

24.801 

23.324 

23.212 

ISO  Am 

24.443 

27.600 

31.952 

27.998 

ISO  Ra 

8.676 

7.347 

5.292 

7.105 

ISO  Sm 

193.170 

246.161 

202.843 

214.058 

ISO  Wt 

53.954 

56.834 

67.024 

59.271 

ISO  Rmax 

48.919 

40.737 

59.616 

49.757 

ISO  Rv 

24.443 

27.600 

31.952 

27.998 

ISO  Rz 

36.488 

33.504 

38.524 

36.172 

ISO  Am 

39.523 

35.571 

37.854 

37.649 

ISO  Ra 

5.655 

6.386 

5.676 

5.906 

ISO  Sm 

99.533 

111.267 

98.893 

103.231 

ISO  Wt 

56.585 

55.589 

54.476 

55.550 

ISO  Rmax 

45.812 

46.419 

29.554 

40.595 

ISO  Rv 

39.523 

35.571 

37.854 

37.649 

ISO  Rz 

32.867 

38.617 

32.385 

34.623 

ISO  Am 

36.163 

25.811 

29.732 

4.873 

4.573 

4.734 

ISO  Sm 

73.671 

74.140 

56.605 

68.139 

ISO  Wt 

53.043 

43.936 

44.685 

47.221 

ISO  Rmax 

49.022 

41.747 

37.273 

42.681 

ISO  Rv 

36.163 

27.221 

25.811 

29.732 

ISO  Rz 

32.717 

29.125 

28.441 

30.094 

ISO  Am 

32.968 

26.124 

24.816 

27.969 

4.897 

5.407 

5.335 

ISO  Sm 

157.278 

498.414 

388.430 

348.041 

ISO  Wt 

51.525 

49.700 

38.565 

46.597 

ISO  Rmax 

34.058 

39.950 

33.594 

35.867 

ISO  Rv 

32.968 

26.124 

24.816 

27.969 

ISO  Rz 

25.226 

26.512 

25.342 

25.693 
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52.358 

53.693 

6.829 

6.609 

6.926 

ISO  Sm 

243.646 

168.049 

126.935 

179.543 

ISO  Wt 

81.851 

69.874 

65.666 

72.464 

ISO  Rmax 

72.877 

59.991 

60.656 

64.508 

ISO  Rv 

59.376 

49.346 

52.358 

53.693 

ISO  Rz 

39.195 

34.973 

33.923 

36.030 

ISO  Am 

48.119 

49.373 

53.710 

50.401 

4.899 

5.792 

5.680 

5.457 

ISO  Sm 

184.479 

299.649 

320.039 

268.056 

ISO  Wt 

97.270 

61.721 

64.217 

74.403 

ISO  Rmax 

97.270 

60.932 

64.217 

74.140 

ISO  Rv 

48.119 

49.373 

53.710 

50.401 

ISO  Rz 

34.755 

29.363 

28.524 

30.881 

ISO  Am 

57.675 

49.020 

44.383 

50.359 

5.496 

5.509 

5.198 

92.953 

88.061 

91.825 

90.946 

ISO  Wt 

72.291 

63.217 

63.533 

66.347 

ISO  Rmax 

71.442 

59.716 

58.833 

63.330 

ISO  Rv 

57.675 

49.020 

44.383 

50.359 

ISO  Rz 

32.428 

32.117 

35.283 

33.276 

ISO  Am 

40.852 

64.738 

37.416 

47.669 

ISO  Ra 

5.048 

5.596 

6.751 

5.798 

ISO  Sm 

161.018 

127.456 

117.748 

135.407 

ISO  Wt 

56.547 

161.209 

61.066 

92.941 

ISO  Rmax 

25.423 

118.453 

48.755 

64.210 

ISO  Rv 

40.852 

64.738 

37.416 

47.669 

ISO  Rz 

28.910 

50.743 

39.949 

39.867 

ISO  Am 

48.875 

45.053 

49.870 

47.933 

ISO  Ra 

5.099 

5.232 

4.944 

5.092 

ISO  Sm 

81.047 

102.754 

93.377 

92.393 

ISO  Wt 

69.631 

63.752 

67.547 

66.977 

ISO  Rmax 

60.278 

56.891 

60.665 

59.278 

ISO  Rv 

48.875 

45.053 

49.870 

47.933 

ISO  Rz 

30.906 

32.023 

30.938 

31.289 
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Average  Surface  Topography 


Group  5  MIP  humidity  demineralization 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Ave 

STDEV 

ISO 

Am 

31.374 

27.998 

37.649 

29.732 

27.969 

53.693 

50.401 

50.359 

47.669 

47.933 

40.478 

10.523 

ISO 

Ra 

4.196 

7.105 

5.906 

4.734 

5.335 

6.788 

5.457 

5.401 

5.798 

5.092 

5.581 

0.877 

ISO 

Sm 

135.066 

214.058 

103.231 

68.139 

348.041 

179.543 

268.056 

90.946 

135.407 

92.393 

163.488 

89.719 

ISO 

Wt 

47.570 

59.271 

55.550 

47.221 

46.597 

72.464 

74.403 

66.347 

92.941 

66.977 

62.934 

14.789 

ISO 

Rmax 

30.731 

49.757 

40.595 

42.681 

35.867 

64.508 

74.140 

63.330 

64.210 

59.278 

52.510 

14.564 

ISO 

Rv 

31.374 

27.998 

37.649 

29.732 

27.969 

53.693 

50.401 

50.359 

47.669 

47.933 

40.478 

10.523 

ISO 

Rz 

23.212 

36.172 

34.623 

30.094 

25.693 

36.030 

30.881 

33.276 

39.867 

31.289 

32.114 

5.015 
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Surface  Topography 
Group  5  MIP  humidity  30  days 


E1A 

Ave 

Am 

24.266 

28.654 

35.649 

29.523 

Ra 

4.163 

4.736 

4.628 

4.509 

Sm 

87.281 

78.18 

116.275 

93.912 

Wt 

62.66 

72.306 

84.045 

73.00367 

Rmax 

62.66 

66.717 

75.166 

68.181 

Rv 

24.266 

28.654 

35.649 

29.523 

Rz 

31.164 

36.976 

35.64 

34.59333 

E2A 

Ave 

Am 

26.545 

20.56 

24.019 

23.708 

Ra 

6.487 

6.298 

4.708 

5.831 

Sm 

198.783 

271.172 

109.236 

193.0637 

Wt 

150.715 

138.658 

141.655 

143.676 

Rmax 

133.537 

135.466 

123.604 

130.869 

Rv 

26.545 

20.56 

24.019 

23.708 

Rz 

53.458 

48.494 

47.515 

49.82233 

E3A 

Ave 

Am 

34.353 

44.433 

33.06 

37.282 

Ra 

6.011 

7.441 

5.311 

6.254333 

Sm 

101.892 

118.976 

81.215 

100.6943 

Wt 

150.994 

150.001 

132.256 

144.417 

Rmax 

140.951 

133.433 

121.176 

131.8533 

Rv 

34.353 

44.433 

33.06 

37.282 

Rz 

56.246 

63.689 

49.107 

56.34733 

E4A 

Ave 

Am 

36.96 

28.902 

33.095 

32.98567 

Ra 

4.547 

4.908 

4.923 

4.792667 

Sm 

93.233 

62.145 

69.874 

75.084 

Wt 

74.71 

58.505 

63.719 

65.64467 

Rmax 

74.71 

58.505 

63.719 

65.64467 

Rv 

36.96 

28.902 

33.095 

32.98567 

Rz 

30.908 

33.614 

32.68 

32.40067 
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8' 


E9A 

Ave 

Am 

57.281 

68.669 

66.805 

64.25167 

Ra 

6.895 

6.831 

7.812 

7.179333 

Sm 

107.043 

214.626 

186.107 

169.2587 

Wt 

190.013 

228.293 

255.389 

224.565 

165.521 

184.65 

233.672 

194.6143 

Rv 

57.281 

68.669 

66.805 

64.25167 

Rz 

68.865 

67.208 

76.445 

70.83933 

E10A 

Ave 

Am 

43.303 

45.867 

49.694 

46.288 

Ra 

4.952 

4.84 

4.595 

4.795667 

Sm 

73.984 

81.169 

122.938 

92.697 

Wt 

87.145 

91.693 

61.747 

80.195 

87.145 

91.693 

61.588 

80.142 

Rv 

43.303 

45.867 

49.694 

46.288 

Rz 

45.154 

45.895 

29.054 

40.03433 
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Average  Surface  Topography 
Group  5  MIP  humidity  30  days 


Ra  4.509  5.831  6.254  4.793  5.700  6.940  5.410  5.316  7.179  4.796  5.673  0.903 

ISO 

Sm  93.912  193.064  100.694  75.084  321.847  134.886  181.026  91.902  169.259  92.697  145.437  74.973 


Wt  73.004  143.676  144.417  65.645  110.330  118.973  83.942  112.724  224.565  80.195  115.747  47.264 

ISO 

Rmax  68.181  130.869  131.853  65.645  72.822  114.349  82.398  112.724  194.614  80.142  105.360  40.326 

ISO 

Rv  29.523  23.708  37.282  32.986  50.512  52.398  53.442  56.191  64.252  46.288  44.658  13.121 

ISO 

Rz  34.593  49.822  56.347  32.401  36.173  45.122  34.460  40.441  70.839  40.034  44.023  12.072 


10 

Ave 

STDEV 

46.288 

44.658 

13.121 

4.796 

5.673 

0.903 

92.697 

145.437 

74.973 

80.195 

115.747 

47.264 

80.142 

105.360 

40.326 

46.288 

44.658 

13.121 

40.034 

44.023 

12.072 
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